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OVERVIEW 



MOIHJLE TWO 
VOLTAGE 



in this module^of the Basic Electricity and Electronics Course, 

will study and learn what voltage is, how It is generated, 
what AC and DC voltages are and why both kinds are needed, and 
how to measure voltages. 

This module Is divided into six lessons to help you learn more 
easi ly . These are: 



Lesson f . 
Lesson i t . 
Lesson ill. 
Lesson IV. 
Lesson V, 
Lesson Vt . 



£MF fr<m Chemical Action . 

Magnetism 

Electromagnetic induction 

AC Voltage 

The Uses of AC and DC. , . 
Measuring Voltage. . . . . 



Don't let any of the above new M>rds bother you; they wi 1 1 be 
explained as you ccme to them In each lesson, if you find the 
explanations In the lessons are not clear to you, feel free to 
ask questions. Now turn the page and begin Lesson i. 
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OVERVIEW 
LESSON t 
EMF From Chemical Action 

in addition to the ttodule Overview, as you start each lesscm, you 
will find a lesson overview such as this page. It Is merely an outline 
of what you will study and learn to do in each lesson. In this lesson 
you will study and learn about the following: 

-force and current 
-EMF 

-vol tage 
-sources of EMF 

Each of the above topics will be discussed In the order listed. As 
you proceed through this lesson, cAserve and follow directions 
careful ly . 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 



ERIC 



Study Resources 



Two- 1 



LIST OF STUDY RESOURCES 
LESSON I 
EHF From Chemical Action 

To learn the material In this lesson, you have the option of choosing, 
according to your experience and your preferences, any or all of the 
fol tuMing: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed instruction 
Lesson Summary 

ENRICHMENT MATERIALS: 

NAVPE:%S 93^0A-1A "Basic Electricity, Direct Current." 

Fundatrontals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Government Printing Office, 1965. 

Reframber^ you may study any or all of these that you feel are 
necessary to answer all Progress Check questions correctly. Do 
not forget that in one sense of the word your instructor fs a 
living resource^ perhaps the test. Call him if you have any kind 
of a problem. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON i 

EMF From Chemical Action 

Force and Current 

As you learned in Module One, Increasing the force applied to 
the electrons In a wire causes current flow to Increase. From 
this, you may have concluded that you can change current flow 
by changing the amount of force applied within the circuit; If 
so, you were entirely correct; adding more cells In series In 
a circuit increases the applied force and causes more current to 
flow. 

EMT 

The force which moves electrons through the circuit is called 
EMF . EMF is an abbreviation of electromotive force, which n«ans 
TTte rally the force which moves electrons. Another name you see 
and hear frequently Is voltage . Voltage, while sometimes 
abbreviated £, and while also associated with force, actually 
has a somewhat different meaning than EMF . The basic unit of 
measurement of EMF Is force ; however, the unit of voltage is 
vol ts . 

The values of voltage which you may have to use or measure cover 
a large range, and the basic unit Is very often combined with the 
metric prefixes micro- , mini- , kl lo- . and mega- , so that very 
small or very large values can be more easily expressed. You 
will recall that micro- and mil II- were discussed lo Module One 
as lO' and lO"^. The prefix kilo- means 1,000 (lO-*) and roega- 
means 1,000,000 (10 ). In other words, 1/1,000 of a volt Ts 
1 millivolt, 1/1,000,000 of a volt Is 1 microvolt, and 1,000 
volts make 1 kllovolt. You can abbreviate these units the 
same way current values are abbreviated. The letter (upper 
or lower case) is used to mean volts; 1,000,000 volts Is written 
IMv. The abbreviation for mega- Is the capital letter M and 
T3? ~kl lo- It Is k (upper or lower case). The following table 
may help to clarTfy these values. 







Numerical 


Power 


Prefix 


Abbreviation 


Equivalent 


of Ten 


mlcro- 


\i 


1 

1,000,000 




mini- 


ffl 


1 

\,66o 


10-5 


kl Io- 


K or k . 


1,000 




mega- 


M 


1,000,000 


10* 
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Write the fot lowing voltages tn their most ccmvenlent 
abbreviated form* 

a. Thirty thousand volts 

b. four- thousandths of a volt 

c. fifteen million volts 

d. twenty-mi 1 1 lonths of a volt 



A nswers: a, 30 kv or 30 KV; b, ^mv; c, 15 Mv; d, 20 uv 



Sources 

The EHF in the circuit supplies the force to make the electrons 
do work. V ^tever provides electrical force is called a source . 
So fart you have used two kinds of sources* The dry cell you used 
in your simple circuit was the source of energy that made the 
lamp glow. 

On the other hand, the source for your power supply Is miles away 
and the energy travels through miles of wire to reach your power 
supply. While we know v^ere the source for the electrical energy 
is located in each case and that it causes electrons' to do work 
for us, we still don't know vs^y there Is an EMF at the cell 
connections or at the outlet on the wall. 



The Pry Cell as a Source 

First, let's study the dry cell. The chemical action inside 
the dry cell produces the EHF within a cell. In this case 
chemical energy is converted Into electrical energy. Here, as 
In all other Instances, the Law of Conservation of Energy is 
true. In other words, we can't get sonwthing for nothing; we 
only convert energy from one form into another. 

To help you better understand h»v this conversion takes place, 
study the Illustrated construction of a dry cell on the next 
page. Observe that this cell Is basically a metal can filled 
with a chemical mixture In the form of a paste and has a rod 
extending Into the paste In the center of the can. 
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One connection of the dry cell (the negative terminal) Is attached 
to the can or outer case and the other (positive terminal) Is con- 
nected to the center rod. The rod and the tase are of different 
materials. They react with the chemicals in the paste so that 
electrons are pulled from the center post and pushed to the outside 
case. This action occurs until the charges on the celPs terminals 
balance the chemical forces within the paste. When this condition 
exists, there is a constant difference of potential or voltage 
between the case and carter ToT, Observe that within a cell 
electrons move from posit.* ve to negative - the reverse of what Is 
true In a circuit. 
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If you connect wires and a lamp to the cell terminals, you 
provide a continuous path (circuit) for the electrons to move 
through. The electrons move fn^ the negative case through the 
circuit to the positive rod In the dry cell. The chemical action 
moves irore electrons from the center post to the case and we 
have a continuous currant flow. 



You know, of course, that a cell will eventually wear out and have 
to be replaced just as In a flashlight or a radio. The chemicals 
eventually change In form, little current flows, and the cell must 
be replaced. There are other kinds of cells that can be recharged 
by reversing the movement of electrons through them; this action 
restores the original chemical state. This Is done by connecting 
the M>rn-out or discharged cell to another source. 

An automobile battery Is an example of this kind of cell. (Tech- 
nically, a battery Is a number of cells connected together.) Most 
automobile batteries today are made up of six cells connected In 
series, the negative terminal of one connected to the positive 
terminal of the next, like this: 




BEST con iimUBLE 



Connecting Cells In Series 



We will learn several ways that cells can be connected, and how 
the kind of connection affects the source voltage. We will also 
learn to recognize these connections symbolized schematically. 

Cells connected In series are wired together so that the positive 
terminal of one cell Is connected to the negative terminal of 

another cell. This pictorial Illus- 
tration shows three l-l/2-volt cells 
connected In series, with wires join- 
ing + to - or - to +. When cells are 
connected In series, their individual 
voltages are additive; thus, we can 
obtain a greater voltage from the three 
cells above than we can from just one. In this case, the output 
voltage will be about ^-1/2 volts. 
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The total voltage supplied by cells In series Is equal to the 
sum of dll the cells' voltages. An example Is the kind of cell 
used In nost auto batteries; each cell has an output of 2 volts. 
Several years ago, cars used a 6-volt electrical system, so three 
cells were connected In series to get the required voltage. Modern 
cars use a 12-volt system, and six cells are Joined In series to 
provide the proper voltage for these cars. 



When cells are connected 
ally in this way: 

® 1 



In series, they are represented schematic- 



Observe the symbol here shows three cells 

with positive terminals connected to 

negative terminals, one right after the 
other. 



Connecting Cells in Parallel 



Cells connected In parallel are wired so that like terminals are 
joined - positive to positive, negative to negative. 

"t- i — ^ Here is a pictorial illustration 

of three cells wired in parallel. 




When similar cells are wired In parallel, the output voltage of 
all the cells combined Is no greater than the vol tagc of any 
t ngle cell. In this case, with three l-l/2-vol t eel Is connected 
?narallel. the output voltage Is still 1-1/2 volts. Each of 
the cells contributes to the total 1-1/2 volts, and they end to 
share the wofk- load. This serves to prolong the life of the cells, 

Parallel connection of cells Is often used aboard submarines, 
where battery power Is vital to all ship's operations, and It 
Is desirable to prolong the life of the batteries. 

When three cells are connected In parallel, the schematic repre- 
sentation Is as shown: 




1.S« 



h- 



1.5» 



You can see by the symbols that posi- 
tive terminals are connected together 
and negative terminals are connected 
together. 
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Cells Connected In Serfes Opposttfon 

A third cell connection is called series opposition , or series 
optH^slnS a V^n cells are cminected In this manner> they are 
ccxinected In series - one right after another; however, like 
terminals are cc^nected together as shown twre: 



Vfe have seen the utility of cells connected in series, aiding 
each other. If Incorrectly connect cells in series with 
wires going betv^en l!ice terminals (positive to positive, and 
f^gative to negative), as shmm in the schematic. 



there Is no net voltage across the load, and no current flows. 





ERIC 



Narrative 



Two- 1 



What would the voitase applied to the lamp be 
for eacn of these schematics? 



"i" l.5v , 

-T- l.5¥ 




Your answers should be: 

1. 1.5v (parallel connection) 

2. Ov (series opposition connection) 

3. k.Sv (series connection) 

AT THIS POINT. YOU MAY TAKE THE PROGRESS CHECK. OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF 
NOT STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER 
ALL 'the quest 10f4S CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON i 

Voltage 



TEST FRAMES ARE 15, 23 and 37. AS BEFORE. GO FIRST TO TEST FRAME 
15 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE 
DIRECTIONS GIVEN AFTER THE TEST FRAME. 



I. Recall that current is caused by the application of an outside 
force. This force is called EMF , and the EMF leads to an 
associated voltage. 

Current flow Is caused by , 



TemfT 



EMF Is the force which tends to move electrons. The component 
which provides this force Is called a source ^ A source is defined 
as a device which Is capable of producing and supplying electrical 
energy to s<m& type of electrical apparatus. Such sources are 
s<^tin^s called voltage sources ; hov^ver* you should be aware that 
voltage is not the san^ as EMF« 



Which are examples of voltage sources? 

a. an^neter 

b. dry eel I 

c. lamp 

^ d. power supply 



(b, dry cell; d, po^er suppfyT" 



The lettered arrcM that points to the voltage source is: 

-0s— "•■ 
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k. In a dry cell, the materials contained in the cell react chemi- 
cally to produce a voltage. In other words, chemical energy Is 
converted into electrical energy. 

Which statement is true? 

a. A voltage Is generated by the chemical energy released 
as a result of mechanical work on the cell. 

b. As a result of chemical action, the cell Is capable of 
delivering electrical energy. 

c. The dry cell is a voltage source because it supplies 
chemical energy to an external device. 



(b) As a result of chemical action, the cell Is capable of 
delivering electrical energy. 

5. The most common type of dry cell consists of three basic parts: 
a zinc can, a chemical mixture in the form of a wet paste, and a 
center rod or electrode which extends In to the paste. 



Match the letters to the terms. 



1 . rod 

2. zinc 

3. paste 





(1-c; 2-a; 3-bT 
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6. In a dry ceil the rod will probably be made of carbon. 

Check the lettered arrow that points to the carbon electrode. 




7. The proper nan« for the zinc container Is the zinc electrode . 
Check the lettered arrow that points to the zinc electrode. 
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8. The chemical mixture or paste packed Inside the zinc container 
(zinc electrode) is called the electrolyte . 

Check the lettered arrow which points to the electrolyte. 




9. Match the following: 

1 . can 

2. rod 

3* wet paste 



a. carbon electrode 

b. electrolyte 

c. zinc electrode 



(1-c; 2-a; 3^ 



10. Label the basic parts of the cell according to their proper name. 



a. 



b. 



c. 



c. 



erJc 



IT. zinc electrode; b. electrolyte; c. carbon electrodeT 
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11. Binding posts or terminals are attached to the electrodes so that 
wires may be easily connected to the cell. The carbon electrode 
serves as the positive terminal of the cell and the zinc electrode 
serves as the negative terminal. 



12. The chemical reaction of the carbon and zinc electodes with the 
paste electrolyte causes an electrc^notive force (EMF) to be pro- 
duced. This force separates electrcHis from atoms within the 
source and moves the electrons to the negative case. This 
causes a positive charge to accuimilate the carbon electrode 
and a negative charge at) the z!nc electrode. 



Match the letters to the terms. 



1. positive terminal 

2. negative terminal 





(1-b; 2-ii7 



Which illustration shows the result of the chemical reaction 
between the electrodes and the electrolyte? 
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13. When one point (zinc electrode) is more negative than another 
point (carbon electrode), a difference of potential is said to 
exist between the two points. A cell then Is capable of supply- 
ing electrical energy to an external device. In other words, the 
EMF within a cell causes an electrical potential difference 
which can cause electrons to move outside the source and do 
work. 

Which of the following lettered arrows shows a difference of 
potential due to chemical action? 




11». Although EMF and potential difference are often used Inter- 
changeably. remember they are different In that EMF causes the 
separation of charges and the movement of electrons wi th n the 
source, thus leading to the potential difference; potential 
difference or voltage is the force existing between the separated 
charges . 

is voltage the same as EMF: 




ERIC 



18 



P.I. 



Two- 1 



15. Match the following. 

1. also called voltage a. electromotive force 

2. chemically produced by the 

separation and novement of b. fx^tential difference 

charges, arfd related to worlc. 

3. a force which tends to move 

electrons within a source 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



Er|c 19 



P.I 



Two- 1 



ANSWERS - TEST FRAME 15 

1. b-potentlal difference 

2. b-potentfal difference 

3. a-electromoti vc force 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO 
ON TO TEST FRAME 28- OTHERWISE, GO BACK TO FRAME 1 AND 
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 15 
AGAIN. 
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16. As seen, difference of potential Is also referred to as voltage . 
Although EMF, potential difference, and voltage are often used 
Interchangeably, remember that they are actually slightly dif- 
ferent In meaning- EMF Is a _ . The potential dif- 
ference which Is produced Is actually the difference In voltage 
between the two source points- Note, we can speak of the volt- 
age that exists at any point, as long as we agree on a reference 
standard. This reference point Is always assigned a voltage 
of zero- 
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17. When an external circuit is connected to the source* a path for 
current flow is provided. The excess electrons at the negative 
electrode move through the circuit to the positive electrode 
which is deficient in electrons. 

Which illustration shows what occurs when an external circuit is 
connected to the source? 

a. b. 




Tb7 



18. Check the statements that are true. 

Current flow outside the source Is from positive to negative. 
Current fIcM inside the source is fron positive to negative* 
Current flow <Hitside the source Is from negative to positive. 
Current flow inside the source Is frcMn negative to positive* 



(b. Current f]QM Inside the source Is from positive to negative; 
c* Current flow outside the source Is fr<^ negative to positive*) 
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19. The major drawback of a dry cell Is that It eventually loses Its 
ability to produce a potential difference. This occurs because 
of chemical changes within the cell; remaining chemical energy 
Is no longer converted Into electrical energy. 

Which is true? 

a. A dry cell can produce voltage indefinitely and does 

not have to be replaced, 
b. A dry cell can produce voltage wily as long as the 
chemical reaction within the cell continues. 



(b) A dry cell can produce witage cmly as long as the chemical 
reaction within the ctll continues. 

NOTE; There are other kinds of cells such as lead-acid cells, 
which can be recharged by reversing the movement of electrons 
through them, rebuilding materials In the cell. This is done 
by connecting the cell to another source. An automobile bat- 
tery is an exairgle of this kind of cell. 

20. Since dry cells have a limited voltage output, there must be 
some method of obtaining more voltage than that available from 
one cell - by connecting the negative terminal of one cell 
to the positive terminal of another cell until the desired 
voltage Is obtained. This type of cell connection Is called 
series aiding. 

Which diagram shows a series aiding connection? 
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21. Voltage within a circuit can be Increased by adding cells con* 

r,nc ted I n 



Uerles aiding )" 



22. A series aiding connection is c^talned by: 

a. connecting the negative terminal of wie cell to the 

positive terminal of another cell. 
b. omnecting the negative terminal of me ceil to the 

negative terminal of another cell. 
c. connecting the positive terminal of one cell to the 

positive terminal of another cell. 



(a) connecting the negative terminal of one cell to the 
positive terminal of another cell 



23. Which schematic diagram shows the coriect series aiding 
connection of five cells? 



a. 



b. 



24. A combination of cells connected together to provide a voltage 
greater than an Individual cell Is called a battery. 

Mitch Is the schematic syir^l for a battery? 

— - Hi- — ^- Hi|ih 
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2S. The unft of measure for voltage or potential difference is the 
volt (abbreviated either V or v_) . Vftien cells are connected In 
series aiding the total voltage is equal to the sum of the volt- 
ages of the individual cells. 

What is the maximum voltage that can be obtained from the illus- 
tration below? 




volts 



~ (6 volts) 

26. There Is another type of series cell connectlcMi called series 
opposing. You must be familiar with series op^slng ccmnections 
although you will rarely see cells deliberately ccxinected in 
this way. The purpose for learning this concept of cell connections 
is to prevent confusion when In late^ modules you deal with 
voltages that oppose each other. 

A series opposing connection Is <Atalned by connecting the neg- 
ative terminal of one cell to the negative terminal of another 
caI I . 

VAiich schematic diagram shows the correct series opposing 
correction of five cells? 

TET 
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27. Vfhen a cell Is connected series opposing, its voltage Is 

st^tracted from the sum of all voltages connected series aiding 
to obtain the total voltage available from the cond){natlon. 



Example: 




You wilt note that two of the cells are c<mnected series aiding 
and one is connected opposing the two; therefore, the two in 
series aiding provide 3 v opposing the 1.5 v of the one cell. 
Total voltage is 3 v - 1 .5 v or 1 .5 v. 

Vftiat is the total voltage of the Illustration below? 




(zero volts) 
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28. Draw a schemattc connecting six 1.5v cells to obtain maximum 
voltaoe. Label the polarity of each cell also. 



What is the output voltage frtm cells connected as in the sche- 
matic you have dr»«n? 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 28 



9 volts H|H[H|H}Hf- 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO 
ON TO TEST FRAME 37. OTHERWISE, GO BACK TO FRAME 16 AND 
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 28 
AGAIN. 



29. Another type of cell connection Is the parallel connection. Cells 
connected In parallel are wired so that like terminals are Joined 
possitlve to positive, negative to negative. 

Which schematic diagram below shows the correct parallel connection 
of three cells? 



a. 



b. 



30. When similar cells are wired In parallel, the output voltage of 
all the cells confined Is no greater than the voltage of any 
single eel 1 . 



What is the output voltage of the cells below? 




NOTE : This type of connection serves to prolong the life of the cells 
because they share the work load, ft is often used aboard 
submarines, where battery fKswer is vital to all ships operations, 
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31. You will recall from Module One that the greater the force 
applied the greater the current. 

In which circuit would a greater current flow? 



a. 



G 



b. 



II 



G 



32. You have learned the abbreviations for electromotive force (EMF) 
and wits (v) . Another abbreviation is E^, which Is used for 
voltage. ( Note : It unfortunately Is not the abbreviation for, 
or the same as, EMF.) 

Write the following sentences as mathematical equations using 
letter abbreviations. 

The electromotive force is 9 volts. 

The circuit has an applied voltage of 60 volts. 



The voltage in the circuit Is equal to 6 volts. 



(EMF = 9 "v; E ° 60 v; E " 6vT 



33. Match tne abbreviations to the appropriate terms, 

1 . volt^e a. V 

2. electromotive force b. E 

3. volt c. EMF 



(I. b'E; 2. c-EMF; 3. a-v) 
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3^. Large values of voltage may be expressed as ki lovolts . One 

kilovolt represents 1000 volts and Is syn^olized by the letters 
KV or kv. 

50 kv represents v. 

3000 V represents kv. 

^.5 kv represents v. 



($0.006 v; j kv; kA60 v) ' 

35. Small values of voltage may be expressed as mnilvolts or micro- 
volts . 

One millivolt represents 1/1000 of 1 volt or I x lo"^ volts and 
is syn^ollzed by the letters mv . 

One microvolt represents 1/1,000,000 of 1 volt or 1 x lo'^ volts 
and is syndjolized by the letters yv. 



O.0025 v represents mv 

0.0015 v represents mv 
0.000005 V represents mv 



MV 
MV 
MV 



(2.5 mv; 2500 mv - 1.5 mv; 1500 yv - 0.005 mv; 5 pv) 



36. Hatch the following. 

1 . 25 kv a. 25 volts 

2. 5 MV b. 0.025 volts 

3. 0.005 V c. 25 ki lovolts 

^. 25 mv d. 5 millivolts 

5. 25 v e. 5 microvolts 

6. 0.005 mv 

7. 25.000 V 



(1-c; 2-e; 3-d; ^-b; 5-a; 6-e; 7-c) 
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37. Match the term to Its correct definition or description. 

a. voltage source 



I. when one point Is more negative 

than another point 

2. also called voltage 

3. force %^lch moves electrons 

inside the source 

k. unit of measure for voltage 

5. capable of producing and 

supplying electrical energy 
to some type of electrical 
apparatus 

6. two or more cells joined 

from the negative terminal 
of one to the positive 
terminal of another 



b. potential difference 

c. series ccmnection 

d. volt 

e. EMF 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 37 



1. 


b - 


potential difference 


2. 


b - 


potential difference 


3. 


e - 


EMF 


k. 


d - 


volt 


5. 


a - 


voltage source 


6. 


c - 


series ccxinection 



IF ANY OF YOUR ANSWERS ARE INCORRECT , GO BACK TO FRAME 29 
AND TAKE THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR- 
RECTLY, GO ON TO THE NEXT LESSON. IF NOT. STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUES- 
TIONS CORRECTLY. 
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SUMMARY 
LESSON I 

EMF From Chemical Action 

As you learned in Module One, a force applied to the electrons in a 
wire causes current to fl«y. The subject of this lesson is the force 
Inside the cell which tends to move the electrons to one of the cell's 
terminals. Electromotive Force , abbreviated EMF, is the technically 
correct name for this force. Voltage , while sometimes abbreviated £ 
and also associated with force, actually has a somewhat different 
meaning than EMF. 

The basic unit of measurement of EMF is actually force; however, the 
unit of voltage Is that of work per unit charge or simply volts. Because 
the values of voltage you may use range from very small fractions of 
a volt to very large numbers of volts, the basic unit Is often used 
with metric prefixes. The most often used prefixes are micro- and 
mi n i - . which were covered in Module One, and kl lo- (thousand) and 
mega- (million). The letter V (either upper or lower case) stands 
for volt , and K (either upper or lower case) means kl lo- , so one 
thousand volts' may be written 1 kv . The capital letter M Is used for 
mega- , so 1 MV would be read one megavolt. (Don't confuse this with 
the Roman number M, meaning one thousand .) 

The part of an electric circuit which supplies the EMF is called a 
source . In the simple circuit of Module One, the source was a dry 
cell; in your power supply, the source Is the generator at the power 
plant. The dry cell uses chemical action to develop Its EMF; the 
generator converts mechanical action to produce an EMF. Since this 
lesson Is concerned with chemically produced EMF, we wi 11 proceed to 
study the dry eel 1 . 

Within a dry cell, the energy produced by the chemical reaction between 
a paste (electrolyte) and the zinc shell of the cell separates electrons 
from their atoms and tends to move them to one of the cell terminals. 
This action results In a force between these electrons at the nega- 
tive terminal and the positive charges left at the other terminal. The 
force of the chemical action leads to a difference of potential or vo t- 
aae between the terminals. When no outside wire connects the terminals 
of the cell, this difference of potential Is a constant value associated 
with the particular cell. 

If a circuit like the one built in Module One Is connected to the ter- 
minals of the cell, the force (EMF) between the charges on the cell s 
terminals, as described by Coulon^'s Law, will move electrons through 
the circuit. The continuing chemical action will move more electrons 
to the negative terminal as fast as they move off Into the circuit. In 
this way a continuous steady current flows. 

You know, of course, that the chemicals will eventually change In form, 
little current will flow, and the dry cell will have to be replaced. 
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Another kind of cell can be recharged by applying to the cell an outside 
current fleeing in the opposite direction* This reversed current re- 
verses the chemical action. Batteries made of cells which can be re- 
charged are called storage batteries. This kind of battery is used in 
an autcmobile. (^k>te: a battery !s just a nun^er of cells connected 
together. ) 

Cells are connected together into a battery to provide greater voltage 
than one cell can supply. The output of cells connected in series Is 
equal to the sum of all the cells' witages. Since the kind of cell 
used in a car battery puts out 2 volts, six c^tls are connected In 
series to make a 12-volt battery* 



The schematic diagram for a battery Is: 
cells are joined In series. 




, showing that the 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU 
HAY STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR 
BOTH. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY 
ANOTHER METHOD OF INSTRUCTION UNTIL YOU CAN ANSWER ALL OF THE 
QUESTIONS CORRECTLY. 
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Magnetism 



Study Bo<^1et 
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OVERVIEW 
LESSON i f 

Magnetism 

In this lesson you will study and learn about the following: 

-magnetic fields 

-rules governing lines of force 

-magnetic attraction 

-flux density 

Each of the above t<^iC5 will be discussed in the order listed. 
As you proceed through this lesson, observe and follow directions 
careful ly. 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIS'^ OF STUDY RESOURCES 
LESSON tt 

Magnetism 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and your preferences, any or all of the 
fol lowing: 

STUDY BOOKLET: 

Lesson Narrative 
Progranmed Instruction 
Lesson Sunmary 

ENRICHMENT MATERIAL: 

NAVPERS 93AO0A-IA "Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Goverrwwnt Printing Office, I965. 

You may study whatever learning materials you feel are necessary to 
answer the questions in the Lesson Progress Checit. All your answers 
must be correct before you can go to Lesson Mi. Refl^n^r, ywtr In- 
structor is available at all tinws for any assistance you fl»y need. 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TiME. 
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NARRATIVE 
LESSON n 

Magnetism 

Why Study Magnetism 

Let us now consider In greater detail the source of the voltage 
available at a wall electrical outlet. This potential difference 
is delivered from a pov^r plant through many miles of wires to 
your work table. At the p<^r plant, huge generatots c<^vert 
mechanical energy Into electrical energy through magnetism. 
(Remember that a ceil converts chemical energy into electrical 
energy.) 

Generators supply all the electrical needs <mi board ships also. 
The caring for these generators and the switching systems that 
route their output to all parts of a ship is the job of the EM; 
however, personnel of all ratings trained In this course depend 
upon and work with the electricity generated. To understand what 
happens inside a generator you need to know something about mag- 
netism because this is one of the basic factors involved in 
the cmversion of mechanical energy into electricity. 

No one knows the full details as to vA)at causes iragnetlsm, but 
we can see how it works and v^at it does. You have probably seen 
magnets and know that they can pull some things to them. If 
you've played with two magnets, you know that they sennet Imes 
attract and sometimes repel each other. 



Magnetic Field 

To explain the things a magnet does, scientists use a c<Hicept 
called lines of flux or lines of force . These are imaginary lines; 
you cannot see them. They represent magnetic force. The lines 
of flux around a magnet make up a pattern called a magnetic field . 
The effects of this force pattern can be shown by placing a sheet 
of glass on a ragnet lying on a flat surface. Iron filings 
sprinkled on the glass will settle in a pattern of lines Just like 
the flux lines. Here is a drying of the flux pattern (magnetic 
field) around a bar magnet: 
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The magnetic field around a horeshoe magnet, as indicated by the 
iron filings, looks lllce this: 




Rules Govern tng Lines of Force 

Lines of flux were devised as a way to explain fflagnetlsm. 
Scientists have discovered certain rules that seem to explain lines 
of flux. 

1. Magnetic lines of force always form coi^lete loc^s. Part of 
each loop is always within the material of the magnet. Look 
again at the pattern for a bar magnet: 




2* Magnetic tines of force have polarity. This means they have a 
direction. The ends of the bar magnet are designated 
(or Morth) and £ (or South). By definition the lines of 
flux travel thr^gh a magnet internally, fr<Mi the South 
Pole to the North Pole; and externally always leave the (N) 
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Pole and enter th« (S) Pole even though they do not actually 
flow like a stream. We can add arrowheads to the magnetic 
field of a bar magiwt to represent this. 




3. Magnetic lines of force repel each other. This, together 
with Rule I, that they always forin closed loops, means that 
I Ines of force wl 1 1 never cross . 

i|. Magnetic lines of force always try to form the smallest possible 
loop. All the lines of force around a magnet would contract 
right down to the surface of the magnet if they did not 
tend to rei^l each other. The balance of the tvK> forces (c<mi- 
traction and repulsion) result in the patterns previously 
shown. 

5. Magnetic lines of force pass through any kind of material. 
There is no known substance that lines of force cannot enter. 
There are some materials that they will enter Into or follow 
much more readily than others, but there are none which will 
block their passage. 

6. Magnetic lines of force always enter or leave a magnet per- 
pendic ar to its surface. In the case of the bar magnet, 
most of the lines of force enter and leave the magnet at 
right angles to Its ends, but s<w»e still leave at rJght an- 
gles to each side. 

Magnetic Attraction 

Magnets attract certain dejects to them because these objects offer 
an easier path for the lines of force. These objects are magnetic 
materials, and they usually contain Iron, nickel, or cobalt. Some 
of the magnetic lines of force enter these objects rather than air, 
and this distorts the usual magnetic field as shown In the figure 
^5 on the following page. 
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The tendency is for the lines of force to try to contract (Rule k) 
but $tin pass through the magnetic substance, and the substance 
Is pulled to the magnet. Alternatively, v« can think of the lines 
of force converting the magnetic material (here the soft Iron) 
into another magnet. Let's see how this works. 

if two b^fr magr^ts are placed end to end with two like poles to- 
gether (both N poles or both S poles), the lines of force will 
repel each other and will cause the magnets to try to push apart. 



LIKE POLES REPEL 




However, If one of the magnets Is turned so that one H pole and 
one S pole are brought together, the fields from each magnet join; 
the lines of force pass through both fl»gr^ts, and the magnets are 
drawn together so that their fields reinforce each other. (This 
explains the actlcm of the soft Iron In the earlier figure; It 
behaves like a magnet with Its newly formed S pole close to the 
N pole of the pern^nent bar magnet.) 
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UNLIKE POLES ATTRACT 

Flux Density 

The total strength of the magnetic field Is Indicated by the flux. 
A strong field has many lines of flux, but a weak field contains 
few lines of flux. A measure of the magnetic field at any point 
Is the flux density . Flux density refers to the number of lines 
of force present through any unit of area perpendicular to the 
field. We right have a square Inch with just one line of force 
(low flux d isity) at some distance from a magnet, but near a 
pole (end), the magnet might have a flux density of tens of 
flux lines crossing one-hundredth of a square Inch. As you can 
see fran the pattern of flux lines around a magnet, the flux 
density is greatest at the poles of the magnet. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK. OR YOU MAY STUDY 
yU4Y OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE (^ESTIONS CORRECTLY, GO TO THE NEXT 
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON II 

M. gn r I sm 

TEST FRAMES ARE 41 AND 45 • AS BEFORE, GO FIRST TO TEST FRAME 41 AND 
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS 
GIVEN AFTER THE TEST FRAME. 

1. You have learned that one method of producing an EMF is by chenr 
leal action. 

Producing an EMF by chemical action Is employed In a component 
called a or . (Either order) 



(cell or battery r 



2, Locking at your power supply you can see that It receives Its 
energy without requiring a cell or battery. This energy Is pro- 
duced far a^ay by converting mechanical energy Into electrical 
energy utilizing magnetism. 

The voltage for your power supply Is produced utilizing 



(Magnetism) 



3. For our purposes^ magnetism is the pr<^erty of sc^ metals to be 
attracted by a nearby magnet. 

If a metal Is attracted by a magnet^ the force of attraction Is 
indicative of 



(magnetism) 



4. All matter can be classified as either imgnetic or rKmmagnetlc. 
Metals that are strongly attracted by a magnet are classified as 
magnetic. All other matter is classified as nonmagnetic. 

A wooden pencil is a form of material. 
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NATURAL 



ARTIFICIAL 



A natural magnet and the so-called artificial magnet are our two 
bources of magnetism. The two sources of magnetism are the 
magnet and the magnet, (either order) 



(natural - artificial) 



We seldom use natural magnets today, because we can produce much 
better and cheaper artificial magnets. All man-made magnets are 
classified as magnets. 



(artif IcIaTT 



The poles of a magnet are the ends where most of the magnet force 
Is concentrated, if a magnet Is sprinkled with Iron filings, 
most of the filings will be attracted to and collected at the 
poles. If you sprinkle iron filings in the area around a magnet, 
you will notice that the filings collect in a definite pattern. 
This pattern Is caused by an Invisible magnetic field, and its 
associated magnetic force, that surrounds all magnets. 




The magnetic field concentrates around the end of the magnets 
called . 
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8. The lines formed by the magnetic field arc called magnetic lines 
of flux (also called lines of force); a definite, measurable 
force exists betvt^en these lines and any magnetic material. 



The magnetic force associated with a magnet defines an invisible 
magnetic ^ that surrounds all magnets. 





(field) 


9- 


The 


within the magnetic field are called magnetic 




lines of flux. 




(1 ines) 


10. 


Magnetic lines of 


flux are concentrated at the 




of the magnet* 




(poles or ends) 



11. A magnetic field Is generally measured In terms of flux density . 
Flux density Is the ratio of the nun^r of magr^tlc lines of 
flux, passing through an area perpendicular to the lines of 
force and Is expressed as the nuiAer of 1 Ines of flux per unt t 
of area (expressed In square Inches or square centimeters). The 
number of lines of flux In each unit of area Is the 





(flux density) 


12. Flux density Is the ratio of the 


of flux to the 


size of the perpendicular area. 




(nun4)er of magnetic lines) 


I3« The greatest flux density occurs at the 


of a magnet. 
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\k. Flux density Is the number of magnetic lines of flux In 

of area. 



(each unit) 



15. Flux density Is 



(the nunfeer of lines of magnetic flux in each unit of area) 

16. The compass that you used as a Boy Scout or camper had a perma- 
nent magnet as its needle. TJ^ end of the needle that Is 
attracted to the north pole of the Earth was at one time called 
the north seeking^ pole . Today, the word seeking has been 
dropped; it Is called the north pole of the magnet. 

Any magnet that Is suspended, and Is free to turn, will align 
Itself with the Earth's magnetic field. The end of the magnet 
that points to the north Is the pole of the magnet 



(north) 



17. The end of the magnet that points to the south Is the 

of the magnet. 



(south pole^ - 

18. The greatest flux density occurs at the of 

the magnet. 



(poles) 
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19. There are six rules for magnetic flux that should know. 
The first rule Is: 

Inside a magnet, the direction of the flux lines is fr<m the 
south pole to the north pole. 





Inside the magnet > lines of flux run towards the 
and ^ay from the pole. 



pole 



(fwrth - south) 



20. Magnetic lines of flux are directional. Outside a magnet » by 
definition magnetic flux lines always leave the north pole and 
always enter the south pole. 

The direction of magnetic lines of flux outside a magnet Is from 
the pole to the pole. 



(north " south) 
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21. Using arrows, Indicate on the following magnetic field the direc- 
tion of magnetic lines of flux - both inside and outside the 



magnet. 




22. State the rule pertaining to the direction of magnetic flux 
1 i nes . 



(Lines of flux travel fr«n north to south outside the magnet 
and from south to north inside the magnet.) 

23. An electrical circuit forms a complete path for current flow; a 
magnetic circuit forms a closed loop for each line of flux. 



Thus we have stated the second rule. 




Magnetic lines of flux form loops. 
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2^. Flux lines are never broken. Their path may be altered by an 

outside force* causing the shape of the magnetic field to change « 
but each line of force will refnaln unbroken t each forming a 



(closed loop) 



25- Write true or false before each statement. 

a. Lines pf flux form Incon^lete lo<^s. 

b. Lines of flux form closed loops. 

c. Lines of flux follow a straight path. 



(a. false; b. true; c. false) 



26. For the third rulet ^ find that lines of force polarized In 
the same direction repel each other. This repulsion is vrfiat 
gives the magnetic field Its expanded^ uniform^ or symmetrical 
pattern. 

in a magentic fleld» the Indlvidi^l lines of force of the same 
polarization each other. 



(repel) 
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27. Check the 1 Ines-of-f lux rule which correctly Identifies the 
diagrams. 



a. Lines of flux move In haphazard directions. 

b. Magnetic lines of force cross each other. 

c. Flux lines polarized the same repel each other. 

d. Flux lines In the same direction attract each other. 



(c) Flux lines polarized the same repel each other 



28. The fourth rule of flux lines Is that lines of force tend to 
make themselves as short as possible. 

Select the drawing which most correctly shows the flux lines 
around a magnet. 





— til 
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29. Write true or false. 

a. Lines of flux tend to expand. 

b. Lines of flux tend to contract. 

c. Lines of flux always travel l<Hig distances. 



(a. false; b. trw; c. false) 



30. The fifth rule of flux lines is that there is no known substance 
which will stop the lines of force. 

V^ich of the follcMing could be used to block lines of flux? 



a. soft iron 

b. cobal t 

c. a copper shield 

d. none of the above 



(d) none of the above 



31. Singly stated, inagnetic lines of flux will pass through all 
material . 



Magnetic lines of flux will pass 



^through all material) 



32. State the rule about insulaticm from flux lines, 



(Magnetic flux lines pass thrcwgh all material.) 

33. The last of the six rules is that flux lines always enter or 
leave a magr^t perpendicular to Its surface. 

Lines of flux always or a 

at right angles to its surface. 



0 

ERIC 



(enter ~ leave - magnet) 

51 



P.I. 



Kir fion MHiiiE 



Two- 1 1 



3^. Check the llnes-of-flux rule which correctly identifies the 
diagram. 




a. Like poles attract each other. 

b. Lines of flux always enter and leave the poles 
at right angles. 

c. Like fK}les ref^l each other. 



(b) Lines of flux always enter and leave the poles 
at ri(^t angles. 



35. We have Just covered the six rules pertaining to magnetic 
flux lines. Let's review them again quickly. 

Magnetic flux lines always lorro 



Ulosed loops) 



36. Lines of flux travel from 
outside a magnet. 



to 



(north - south) 



37. Similar magnetic lines of force each other. 

repel /attract 



(repel) 
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38. Magnetic lines of force always form the 
loops possible. 





(smallest) 


39. 


Magnetic lines of force pass 






(through all material) 


1*0. 


Magnetic lines of force enter and leave a magnet at 

■ 






(ri^ht angles or perpendicular to the Surface^ 



k\. State the six rules pertaining to magnetic flux lines. 
Magnetic flux lines always: 

1. 

2. 

3. 

5. 

6. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME k] * 

1. Form closed loops. 

2. Leave the north |K)le and enter the south pole. 

3. Repel each other. 

k. Try to form the smallest possible loop. 

5. Pass through any material. 

6. Enter or leave a magnet perpendicular to Its surface, 
* Answers may be In any order 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO 
ON TO TEST FRAME kS. OTHERWISE, GO BACK TO FRAME I AND 
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME k\ 
AGAIN. 



kZ, Before we complete this lesson, let's take up the two laws of 
magnetic poles for magnetism: 

' Litte poles repel each other. 

- Unlilce poles attract each other. 

Consider tvto permanent magnets. If you try to put the two north 
poles together, they will each other. 



ii3. If the north pole and south pole are placed together, they will 

each other. 



(attract) 
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kk. As we said before, these are known as the law of nagnetlc 
poles for magnetism . 

a. like poles . 

b. unlike potes . 



(a. like poles repel; b. uniike poles attract) 
'iS. State the }aMS of magnetic poles. 



(THIS IS A TEST FRAME. COMPARE YOUR ANS\^R WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME ^5 
Like poles repel , 
unUke poles attract. 



IF YOUR ANSV^R !S INCORRECT , GO BACK TO FRAME 42 AND TAKE 
THE PROGRAMMED S'iQUENCE. 



IF YOUR ANSWER IS CORRECT, YOU MAY TAKE THE PRWSRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR- 
RECTLY, GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY. 
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SUMMARY 
LESSON M 

Magnetism 

In tho last lesson you studied the generation of an EMF by chemical 
action; now you will take the first step In learning about hoM genera- 
tors convert mechanical energy Into EMF. Since magnetism Is an essen- 
tial element In this c<xiverslon process, you must know sc^ of Its 
characteristics before you can learn how generators wjrk. 

Lines of flux or lines of force are Imaginary lines used to repre- 
sent the very real magnetic field and Its associated force. This 
c<Micept helps us to explain v^y magnetism acts as It does. A magnet 
Is surrounded by lines of force or lines of flux which can be de- 
tected; the pattern formed Is called a magnetic field . 




The shape of this field and some of Its effects are explained by six 
basic rules: 

1. Lines of magnetic force always form coi^lete loops. 

2. Lines of magnetic force are polarized. By agreement, they are 
directed out of the N pole and into the S pole of a magnet. 

3. Magnetic lines of force polarized In the same direction tend to 
repel each other. 

4. Magnetic flux lines always try to form the smallest possible lo<^* 

5* Magnetic lines of flux occur In any material. There Is no known 
Insulator against them. 

6. Magr^tlc lines of flux always enter or leave a magnet at right 
angles close to Its surface. 

Magnets attract certain materials to them. Exait^les of these n»gnetlc 
materials are Iron, nickel, and cobalt, ^tost magnetic materials contain 
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one of'^nor^ Af mse three elements. 

Two magnets will also attract each other If they are placed near each 
other with opposite (N and S) poles close together, but tr.cy will repel 
each other if one of them Is turned around (H and N or S and S). The 
law which states this effect is similar to that Indicated by Coulomb's 
Law. It Is called the law of magnetic poles and Is stated as: Lllce 
poles repel; unlike poles attract. 

The amount of force (attraction or repulsion) a magnet can exert 
depends on the strength of its magnetic field. The strength of the 
magnetic field at any point is indicated by the flux density, riux 
density Is the number of lines of force per unit area perpendicular 
to the field, and will vary with the distance from a magnetic pole. 
Flux density for any magnet Is always greatest at Its poles, and de- 
creases as distance from the poles increases, again In a manner similar 
to that described by Coul<^'s Law for charges. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD 
OF INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON Hi 
Electromagnetic lnducti<y> 

In this lesson you will study and learn about the following: 

-left-hand rule for generators 
-magnetic mechanical generation 

Each of the above topics will be discussed in the order listed. 
As you proceed through this lesson* observe and follow directions 
careful ly. 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON HI 
Electromagnetic induction 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following: 

STUDY BOOKLET: 

Lesson Narrative 
Programnwd instructior 
Lesson Sifflvnary 

ENRICHMENT MATERIAL: 

NAVPERS 93400A-la "Basic Electricity, Direct Current." 

Fund»nentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.; U.S. Goverrment Printing Office, 1965. 

AUDIO- VISUAL: 

Sound/Slide - "Electr«T»gfMtlc induction" 

Remember, you may study any or all of these that you feel are necessary 
to answer all Progress Checi( questions correctly. Do not forget that 
in one sense of the word your Instructor Is a living resource: perhaps 
the best. Call him If you have any kind of a probl««. 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON i i I 

EtectrCToagnetlc Induction 

Electromagnetic Induction is the action that causes electron displace- 
ment In a conductor when the conductor moves relative to a magnetic 
field so that It cuts through lines of force. In other words. If a 
piece of wire Is moved In a magnetic field, as shown belcM, the motion 
of the lines of flux past the electrons In the wire tends to push the 
electrons toward one end of the wire. This places a greater number 
of electrons at one end of the wire than the other. The concent ra t l-on 
of electrcxis tends to form a negative charge at one end of the wire 
and leaves the other end with too few electrons (or positively charged). 

CONDUCTOR 




Relative Motion 

Ue use the term relative motlcm to indicate that motion Is taking 
place between the conductor and the lines of flux In such a n»nner 
that flux lines are being cut. The conductor may be stationary 
and the field moving or the field may be stationary and the con- 
ductor moving. Both the conductor and field may be In motion. In 
any of these cases motion occurs relative to either the field or 
the conductor which results in flux lines being cut. For 
electromagnetic induction to take place, relative motion must be 
present . 



The left-Hand Rule 

This concentration of charges or voltage Is an Induced EMF, and 
Its polarity may be determined by using the thumb. Index finger, 
and middle finger of your left hand as follows: 

1. Hold your thumb so that It points In the same direction the 
ccxiductor is moving. 
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2. Point ycur index finger (forefinger) in the direction of the 
flux lines, fr<^ N pole to S pole of the magnet. Your hand 
should now look like a play gun. 




3. NoWf keeping your thunt) and forefinger in this position, point 
your middle finger straight out fr<»r the palm of your hand, as 
shown below, and it will point in the direction of the electron 
movement in the wire. 




You may have to turn you hand around, sometimes Into scne very 
awkward positions, to get it lined up prc^erly with the movement 
of the wire and the direction of the magnetic field. 




Magnetic-Mechanical Generation 

The generators (alternators) In large jxxner plants, aboard ship, 
and In your car change mechanical energy Into electrical energy 
through electromagnetic Induction. Generators nust supply the 
huge amounts of energy needed to run a modern city or ship. 

The amount of EMF generated varies according to the following 
factors: 
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I. The strength of the magentfc fteld. A weak magnet will produce 
f&i flux lines; a strcMig magnet, many flux lines. 




One flux line pushing one electron as it contacts the electron 
always produces the same amount of force, so if more lines of 
flux are present to push more electrcms, a greater total force 
wl i 1 be developed. 

2. The speed of relative motion betvtwen the flux lines and the 
conductor. This Is closely related to the first factor; the 
faster the motion, the greater the nundier of flux lines 
pushing electrons In a given time, and the greater the EHF 
produced in that given time. 

3. The length of wire In the magnetic field. A longer wire In 
the magnetic field will cause more electrons to be pushed by 
the lines of force, and more EHF will result. In most gen- 
erators, wire is formed into colls or loops. This coll con- 
tains many turns, thereby allowing a long wire to be 
placed in a small space in a generator. 

The nagnetic field Is concentrated In this small space, thus 
producing a strong electrical output If the coll Is rapidly 
moved. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE (^ESTIONS CORRECTLY, 60 TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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PROGRAMHED INSTRUCTION 
LESSON III 

Electromagnetic Induction 

TEST FRAMES ARE 17, 22 AND 26. AS BEFORE. GO FIRST TO TEST FRAME 17 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIREC- 
TIONS GIVEN AFTER THE TEST FRAME. 



I. Definition of electromagnetic Induction: Electromagnetic Induc- 
tion Is the actlcm Mhlch causes electr«i displacement In a con- 
ductor when the conductor moves relative to a magnetic field and 
cuts through lines of force. 

An EMF Is produced by moving a conductor through a 



(magnetic field) 



2. State the definition of electromagnetic Induction, 



(The action which causes electrcm displacement in a conductor 
when It moves relative to a magnetic field and cuts through 
lines of force.) 
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Figures "A" and "6" show a conductor cutting lines of a magnetic 
field. The end view of the conductor In part B shows the con- 
ductor moving at right angles to the magnetic field. 

Is there an induced EMF in the moving conductor? 



MOTION % \ \ 




Now the conductor is moving parallel to the lines of force. 
The cOTductor <toes not cut lines of force. 

Is there an Induced EMF In the conductor? 
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5. 



N 



Pi 



' s 



Tmo-HI 



Again the ccxiductor fs cutting the lines of force at a right 
angle. This time the cc^ductor Is moving . 



6« is there an Induced EMF !n the (novfng «^ductor In frame 5? 



7. 




Now the conductor is moving parallel to the lines of force. 
Does i' conductor cut lines of force? 



JM. 



8. is there a voltage Induced in the conductor In frame 7? 



3~I 
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9. 




The figure shows four positions of the conductor In a '^.tagnetlc 
field. The conductors are moving as shown by the arrows. 

a. In which position or positions Is an EHF Induced in the 
c<Niductor? _ _ 

b. In which positim or positions Is no EMF Induced In the 

Cf^ductor? 

c. The only time a voUage is induced In a conductor Is when 
the conductor is: 

1. moving parallel to the lines of force. 

2. cutting the lines of force. 



(a. 1 and 3; b. 2 and ki c. fTJ 
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10. 



INDUCED EMF 

A 



CONIHJCTOR 
MOVES UP 



s 




N 














= 1 - 




MOTION 

The direction of electron movement is found by using the left-hand 
rule for generators . 

Here's how you use the rule. Place the thumb, first and middle 
fingers of the left hand all at right angles to each other as In 
Figure A. 

a. The thun^ points In the direction in v^ich the conductor is 
moving. 

b. The first finger points in the direction of the flux lines. 

c. The middle finger points in the direction of induced ENF. 

By using the left-hand rule for gei^rators, determine whether the 
direction of e1ectr«i moven^nt in Figure B above is tc^rd X or Y. 



ivy 



FIGURE A. 




FIGURE B. 



MOTION 
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a. The cwiductor In Figure A Is cutting lines of force at a 
right angle. 

b« conductor in Figure B Is moving parallel to the lines of 

force. 



Which conductor will have an Induced EHF? 

w 
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12. Using the left-hand rule for generators, determine whether the 
direction of electron movement In Figure A above Is towards 
X or Y. 



IS 



MOTION 




The COTductor In Figure A above Is moving dann through the mag- 
netic field. The polarity of the Induced voltage at point Y Is 
posi tlve. 

In Figure B above, the conductor Is moving up. V^at is the 
polarity of the Induced voltage at point Y with respect to point X? 

a. posI tl ve 
b. negative 



(b) negative 

1^1, What Is the direction of electron mov«nent In Figure B above7 
Toward: 

a. X 

b. Y 



TbTY 
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— -k 






• 










The Illustration s\\<»ts four positions of the conductor. A volt* 
age Is induced In the cc^ductor when the conductor Is moving as 
In 1 and 3. 

How do the polarities of Induced voltage In Positions 1 and 3 
con^are? 

a. same 

b. opposite 



(b) opposite 



16. 



MOTION 





mm 

The Illustrations show that when the conductor changes Its direc- 
tion through the magnetic field, the of the Induced 

voltage changes. 



(polari tTy 
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P.I. Two-Ill 
17. What is the direction of electron movement in this figure? 



a. Toward Y 

b. Toward X 







s 1 







(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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BEST COPY AyHHAfti ^^^I'l 



ANSWERS - TEST FRAME 17 
a. Toward Y 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER. YOU MAY GO ON TO 
TEST FRAME 22. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN. 



18. 




The Illustration shows the conductor formed into a loop or coil 
When the black side Is moving up, the whi te side Is moving 



(down) 



19. The voltage induced In the black side the voltage 

aids/(^poses 

induced In the white side. 



(aids) 
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20. 



Figure A 



Figure B 





In Figure A above, point 0 Is positive with respect to point C. 



a. In Figure B, point D Is 

b. In Figure A, point A Is 

c. In Figure B, point A Is 



with respect to point C. 
with respect to point B. 
with respect to |x>Int B. 



(a. negative; b. negative; c. positive) 



21. 




The Illustration above shows the two sides of the coll moving 
parallel to the lines of force. 

When tbe coll Is In this position, there Is voltage 

zero/ some 

induced in the two sides of the coll because the sides 



cutting lines of force. are/are not 



^zero " are not; 
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The figure above shoMS four positions of coii. 

1. in which position or fK>sitions is there no induced 

voltage'^ 

2. The polarity of the white side of the coil at the end 

nearest you in A is positive with respect to the 
opposite end. What Is its polarity with respect to the 
opposite end In C. 

3. What Is the polarity of the blacl< side of the coil at 

the end nearest you with respect to the c^poslte end £? 

4. The col 1 makes one conplete rotation. How many times 

does the Induced voltage change polarity? 



(THIS IS A TEST FRAME. CWPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



ERIC 



75 



P.I. 



Two- 1 1 1 



ANSWERS - TEST FRAME 22 

1. B and D 

2. negative 

3. positive 
k. 2 times 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS. YOU MAY GO ON 
TO TEST FRAME 26. OTHERWISE, GO BACK TO FRAME 18 AND TAKE 
THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 22 AGAIN. 



One factor affecting the magnitude of EMF produced Is the strength 
of the magnetic field. Since a flux line reacting with an electron 
causes the electron to be displaced. It stands to reason that more 
flux lines cutting a conductor will displace more electrons and pro- 
duce a higher EMF. 

The above Illustrations show the relative strength of two magnets. 
Which illustration will produce the greater amount of EMF? 





III 
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2^1. Another factor affecting EMF fs the speed of relative motion 
between the flux lines and conductor. The faster the motion, 
the greater the number of flux lines cut per unit of time, and 
the greater the EMF produced In that given time. 



Figure A Figure 6 




Time required for conductor Time required for conductor 

to move through the field Is to move through the field Is 

5 seconds. 1 second. 

Study the illustrations above. In which case (A or 8} will 
the EMF produced be the largest? 



IS 



23- The last factor affecting EMF Is the length of the conductor 
within the magnetic field. Increasing the length of the con- 
ductor within the field is <kxne by making the coil out of a piece 
of wire as illustrated below. 

Figure a Figure B 




Which illustration will cause more electrons to be pushed by 
the lines of force and result in a greater EMF? 



m 
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26. The three factors that affect the strength of an Induced 
EMF are: 

strength of the . field, of 

relative motion, and the length of In the 

magnetic field. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 26 

Hagnetic - speed - wire 



IF ANY OF YOUR ANSWERS ARE INCORRECT , GO BACK TO FRAME 23 AND 
TAKE THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU HAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, 
GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUC- 
TION YOU WISH (MT I L YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON HI 

Electromagnetic Induction 

Electromagnetic Induction Is the actlcm which causes electron displace- 
ment in a cMiductor when lines of force move through It. The lines of 
force moving with respect to electrons within the wire push the elec- 
trons In a direction we can dete-mlne by use of the Left-Hand Rule for 
Generators * To position your hand for this rule hold your left hand In 
front of you with the thumb pointing up, the forefinger (Index finger) 
pointing to your right, and the middle finger pointing straight toward 
your chest. The three directions should be at right angles to each 
other. Keeping your hand in this position, point the thumb In the 




direction of the conductor's motion through a magnetic field, the fore 
finger In the direction of the magnetic flux lines, and your middle 
finger will Indicate the direction of electron movement In the wire. 
The amount of EMF produced by this electron displacement Is determined 
by three conditions. These are: 

1. The strength of the magnetic field. A stronger field produces 
more EMF. 

2. The relative motion between the conductor and the magnetic 
field. Faster motion generates more EMF. 

3. The length of the wire in the magnetic field. More wire being 
cut by the lines of force will produce a greater EMF. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL Of THE (^ESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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LESSON IV 
Generating AC Voltage 
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OVERVIEW 
LESSON IV 

Generating AC Voltage 

In this lesson you will study and learn about the following: 

-generation of alternating voltage 

-amount of EMF 

-graphing AC 

-frequency 

-more AC quantities 

Each of the above topics will be discussed In the order listed. 
As you proceed through this lesson, observe and follow directions 
careful 1y. 

BEFORE YOU START THIS LESSON. PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON fV 

Generati?^ mC Voltage 

To learn the materfal In this lesson, you have the option of choosing, 
according to your experience and your preferences, any or all of the 
fol lowing: 

STUDY BOOKLET: 

Lessen Narrative 
Programmed Instmction 
Lesson Sumnary 

ENRICHMENT MATERIALS: 

NAVPERS 93^00A-lb "Basic Electricity, Alternating Current." 
Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Government Printing Office, 1965. 

You may study whatever learning materials you f ef 1 are necessary to 
answer the questions In the Lesson Progress Check. All your answers 
tmist be correct before you can go to Lesson V. Rerwmber your Instruc- 
tor Is available at all times for any assistance you may need. 

YOU ^'A STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 

TAKE THi PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON IV 



Generating AC Voltage 



As you may already know, there are two different kinds of 
electricity. The electricity used In your car is not the 
same as the kind used In your house. The car uses direct 
current, the house uses alternating current. 

Direct current (DC) is the type of electricity we have been 
discussing so far. DC Is the movement of electrons In only 
one direction through the circuit path. Batteries generate 
DC from chemical action, and the associated EMF does no:: change 
In polarity; also, the value usually Is constant. In other 
words, a DC voltage remains In the same direction and usually 
In value aH the time. Recall the schematic symbol for a DC 



Alternating current (AC) moves first in one direction, then 
the other. Magnetic-mechanical generators produce AC, and the 
associated EMF changes In polarity at Intervals and changes in 
value constantly. Stated another way, an AC voltage Is always 
changing In value and periodically changes In polarity. The 
schematic symbol for an AC source Is a sine wave In a circle 
as shown :_^V^ 



Generation of an Alternating Voltage 

You will recall that when an EMF is g«nerated by electro-mag- 
netic induction, three directional quantities are present: 

1. Lines of force, directed from the N pole to the S pole. 

2. Motion of the wire with respect to the magnetic field 
(relative motion) . 

3. Movement of the electrons within the wire. 

The left-hand rule for generators Indicates the directions o 
these values. Applying this rule to a straight wire moving In 
a magnetic field Is a simple task, but most generators use colls 
or loops of wire, and the rule Is slightly more difficult to 
apply. The following drawing shows this more clearly. 

fn this drawing, the loop of wire Is rotating so that the part 
of the wire between A and B Is moving downward through the mag- 
netic field near the N pole of the magnet. Applying the left- 
hand rule to this part of the loop shows that electrons are 
moved from A toward B as shown by the arrow. This means the 
EMF must be positive (+) at A and negative (-) at B. 

(See drawing next page) 



source Is: 




or 





ERIC 



Narrative 




The section of the wire between C and D Is^ at this same time, 
moving upward through the magnetic field by the S pole. The 
left-hand rule used here shows that the e1ectr«is are pushed 
from C tc^ard In the <vposlte direction to the current flow 
In section AB of the 1och>- The EMF Inducad here Is positive {+) 
at C and negative (*) at D. both Induced voltages tend to move 
electrons arcHjnd the loop In the same way. 

As the loop continues to rotate In the magnetic field. It will 
reach a point where the wires do not cut through the flux llr^s, 
and no ENF will be Induced In the coll. 

D 




A 



This Is because the wires are moving parallel to the lines 
of force at this Instant and are not cutting through them« 

As the loop rotates farther, the electrcms start to move again. 
Checking their direction of motion with the left-hand rule shows 
that they are now moving from D to C and frcm B to A, directly 
opposite to their earlier direction In the wire. One-half turn 
after our starting points, the loop will be In this position: 
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A Is now the negative end of the 1o<^ and D the positive end, 
the exact opposite of the first situation. This reversal of 
polarity Is the difference between AC and DC. 

As the 1<wp continues to rotate, It cuts through flux lines 
until It reaches this {X)sltion: 




Here the motion of the wire Is again parallel to the direction 
of the flux lines and no EMF Is generated 

As the loop keeps turning, It will return to Its starting po- 
sition and repeat this cycle of operation so Icmg as s<me me- 
chanical force keeps It moving. 



Amount of EMF 

You have seen that the generated EMF Is zero at two points during 
each full revolution of the loop, and that EHF Is generated first 
in one direction then In the other as the loop makes a complete 
turn. This EMF will be maximum at the two points vt^ere the wire 
loop Is cutting through the flux lines at a right angle. This 
Is because the wire will cut more lines In a given Instant here 
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than in any other position. The EHF then varies gradually rem 
zero voits to maxinHim voltage twice in each revolution, <Mice 
In one direction, fxnce In the other. 



Graphing AC 



One way to see how much EHF Is generated at each moment is to 
graph the voltage pr<Kluced by the generator against time. This 
graph has the shape of a sine wave. In the first block, the 
loop is shown in the zero voltage position. The time is also 
shown as zero. In the second block, the 1o<^ has turned kS^ 
and the voltage has Increased as shOMi on the graph for TIn» 1. 
This time line shows that time has elapsed as the loop has turned. 



n 



TDS 0 



Times 2, 3* and k show the voltage output at 90**, 135" and 180** 
of revolution. With each successive graph, more time has elapsed 
as the loop turned. 




s 








rri - 

i 1 TM 3 




At 180^ the wires of the loop are again moving parallel to the 
lines of force» and no EHF Is generated* Furtiwr rotation of 
the loop causes electron motion to consnence c^ce more » but now 
the electrons move through the wire in the qdposlte directi<Hit 
as indicated on the graf^i by the plot of voltage appearing in 
the negative portion of the graph* The bioclc for Time 5 shows 
the result of 225^ of rotation, with more time lapsing. 



erJc 
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In the three final blocks of c ir graph, the cell rotates back 
to Its beginning position and Is now ready to repeat the cycle. 



N 



(T 




TIME 6 



□ - 



n 

I TIfC 7 




Tim 8 



AC Quantities 

There arc several names you need to know and use so that you'll 
be able to talk with others In your rating about AC. Cycle Is 
one of these words. One cycle of the sine wave represents a 
complete rotation of the loop In the magnetic field as shown by 
the graph at Time 8. 



Freqiwncy 

The frequency (f) of AC Is the number of cycles per second , 
that Is, how many times each second the electrons r.omplete their 
pattern of flow. In first one direction, then the other. Cycles 
per second Is usually called Hertz , abbreviated Hz. 

At the two zero points In a cylce, no EMF Is being generated, 
and no current can flow. Since the lights In the room you are 
In operate from an AC supply, they actually flicker on and off 
twice during each cycle of the generator. The AC supplied Is 
60 Hertz and the flicker Is so fast (120 times per second) that 
your eyes cannot detect It. 
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The frequency of the voltage from a generator depends upon the 
speed of rotation of the loop. The faster the loop revolves, 
the more cycles each second, and tne higher the frequency. 
A higher frequency can also be attained If additional pairs 
of magnetic poles are added to the generator. The following 
drawing Is of a four-pole generator with a graph showing Its 
output. Only one side of the rotating loop Is shown. 





i.i rotatinc from position, or tinw, zero through one complete mech' 
anlcal revoluticHi, the generator has produced two c<Ni^lete cycles. 

To sum up, freqiKncy Is affected by two factors: 

1. the speed of rotation of the wire coil. 

2. the nuii>er of pairs of magnetic poles. 



Wore AC Quantities 



Another word you will need to know Is alternation. An alter- 
nation Is filther the positive or negative half of a cycle. 



Positive Alterndtlofi 



Negat 



7 



ve Alternation 



An^l Itude 



This Is another term you will often hear. This Is the nun^er 
of volts (or anq>s) at a given time. This Is probably easiest 
to see on a graph. The afl9>l itude of the graph Is the distance 
from the zero line to the sine wave at any point; for exan^le. 
In the Illustration on the next page, the an^l Itude of this sine 
wave at time zero Is zero; at time 3 msec. It Is 5t and at 
time 27 msec. It is negative 10. 
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10 

5 

0 

s 

10 





\ ?7 33 


3 9 \ 







a sec 



What Is the amplitude of the 
sine wave at time 9 msec? At 
time 33 msec? 



ANSWER: 10; -5 



The value of voltage (or current) found at any given Instant 
of time In a sine wave Is known as the Instantaneous value of 
voltage (or current), and Is symbolized by the lower case 
letters e for voltage and J_ for .urrent. 

Some points of particular Importance on the sine wave are the 
maximum (peak) amplitude (either positive or negative) and the 
peak-to -oeak amplitude. These are shown on the sine -wave below. 



Maximal (peak) 
positive afflplitude 

Maximum (peak) 
negative amplitude 




Peak-to- 
peak 
amplitude 
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Although you will often need to know the maxlimim of peak-to- 
peak values for AC, the value most often given Is the effective 
(or RMS) value. This value Is' used because It Is directly com- 
parable to DC values. Ten volts of DC will do exactly the same 
amount of work as 10 volts of effective AC. The effective value 
Is less than either the maximum or peak- to- peak values, as It 
Is an average of the v«jrk done throughout a cy< , If we were 
to determlf''* the work done over one alternation and average It, we 
could find tne effective value of that alternation, and because 
each alternation 

has the same shape, I" 

this Is the effec- EFFECTIVE (70.7% PEAK) 

tlve value of the 
sine wave. 

Nearly all AC meters are calibrated In effective values so that 
the values used In AC will be consistent with the values In DC 
circuits. 

AT THIS POINT. YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT. 
STUDY ANY METHOD OF INSTRUCTION YOU WISH l»JTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. ^ 
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PROGRAMMED INSTRUCTION 
LESSON fV 

Generating AC Voltage 

TEST FRAMES ARE 8, 33, 62 AND 91 . AS BEFORE, GO FIRST TO TEST 
FRAME 8 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOL^ 
LOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 



I. Recall that direct current (DC) usually flows at a (constant/ 
variable) rate and alv^ys In «ily direction. 



(cOTstant; one^" 



2. X Is produced by a cell through action 

(chemical) 



3* Since DC Is known as direct current t you may Infer that current 
which alternates In Its flow would be called current. 



(alternating) 



4. Alternating current (AC) Is current which periodically changes 
Its direction of flow. 

The alternating in alternating current comes frcm the fact 
that AC of flow. 



(per l<Kiically reverses directlonT 



5« As the AC reverses dl rect IcHi It must go through a ruxlmum value of 
voltage to zero to maximum and back to zero. 



The magnitude of voltage !s: 

a. constant. 

b. fluctuating. 

c. direct. 

d. alternating. 



(b. fluctuating and d. alternating) 
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6. AC is ccwmonly produced by converting mechanical energy to elec- 
trical energy by electranagnetic induction. 



State the method used to produce AC. 



(Electromagnetic inductionTT 



7. The component used to generate AC is knov#n as a generator or 
alternator. The schematic symbol for an AC generator Is 



Mechanical energy is converted to electrical energy by electro- 
magnetic induction in a/an represented schematically by 



(alternator or generator: — ) 



8. Match the type of current to the appropriate descriptive phrases. 

1. electrons moving in only one a. Direct Current 

direction 

2. electrons always moving at a fluc- 
tuating rate 
3, electrons usually moving at a con- 

stant rate Alternating Current 

i». can be generated by chemical 

action 

5. generated by magnet I c- mechanical 

action 

6. electrons reversing direction 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 8 

1- a 

2- b 

3- a 
k-a 

5- b 

6- b 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU H'.V GO ON TO 
TEST FRAME 33.' OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN. 

9. A B 




Generators have tvK) major parts: 



1. A stator (non-rotating part) 

2. A rotor (rotating part) 

A basic, single c<mductor generator looks like Illustration A. 
it can also be represented as In Illustration B. The circle at 

point C represents a rotatlnfi In a stationary mag- 

r^tlc field. 



(conductor? 



10. 




Note the conductor rotation indicated on the above f t lustration; 
as determined by the left-hand rule for ger^rators^ the direction 
of c<mductor current flow is the page. 

into/out of 



(Into) 
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n. 



L 



N 



9\ 



IBS' 



2V0 



360 



s 



Starting a graph of voltage vs. conductor position at the point 
shown above Is standard practice. 

At zero degrees, the path of the ccMiductor is parallel with 
the lines of force. Lines of force are cut. 

being/not being 

In the illustration. Is there an induced current flowing 
In the conductor? 



^not being; NoJ" 



12. I 

N 



S 





0 3b 






270 


360 



By moving to the 30" position, as indicated In the above 
figure, the conductor's path has become more nearly 

to the lines of force. 

parallel/perpendicular 



(perpend! c ' lar}" 



9k 



P.h Two- IV 

I3» In frame 12^ lines of force being cut 

are/are not 

and an EMF being generated. 

is/Is not 



(are; tsj 




!• At the 60** position^ the path has become 

nearly perpendicular to the 1 hies of force. 
2. From the 30^ to the 60^ position^ the Induced EHF has 



Increased/decreased/ remained the same 



(!■ conductor^ 2. IncreasedJ 




s 

At the 90^ ^sltion^ the cc»iductor Is travellnq ^rpendlcular 
to the lines of force » and the Induced EMF Is 

■ the same/ml n I mum/ 

max I mum 



( maximum )] 
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16. In frame 15, at the 90" position, the current In the 

conductor Is flowing the page. 

into/out of 



(into) 

17. Maximum lines of force are being cut at the degree 

position of the conductor. 




Moving to the 120** position, the conductor is at the same 
relative cutting angle as at the 60" position. Induced EMF 
at the 120" position compared to that at the 90" position 

has . 

increased/decreased/ remained the sairtt 



(decreased) 

19. in the above figure, at the 120" position the conductor Is 
cutting fewer lines of force than at 90" because It Is more 

nearly ^° magnetic flux. 

perpend I cu I a r/pa ra 1 1 e t 



(paral lefT 
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20. In which drawing would the greatest amount of EMF be generated? 



a- b. c. 




s 

Continuing to flK>ve the conductor In the sam direction to the 

ISO* position, we find that _ lines of force 

are being cut. more/less/tKe same 



(less) 



22. Refer to above drawing. At the 150** position we find that the 
Induced EMF has _ 

I ncrease'dV decreased/remained the same 



(decreased) 
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360 



Now, let us move the conductor another 30** to the I80' 
position. The Induced EMF at the 180" position Is 



(zero) 



2k. Refer to the above drawing. During the first 180' of rotation, 
maximum Induced EMF was generated at the degree position. 






0 


9'0 




>2l0 


2*70 


160 



Move the conductor another 30* to the 210* position as In- 
dicated. Again the conductor is starting to cut son« lines 

of force. Induced EMF Is In the 

polarity. i ncreas I ng/ decrees I ng 

same/opposite 



(increasing - opposite) 



ERIC 



98 



26. With the relative position of the conductor at 210®, as in- 
dicated in the above figure, the current flow In the conductor 
the page. 

into/out of 



(out of) 




s 

Conc^nuing the iroven^nt of the conductor through the fnagnetic 

f?eld to the 2^0*" position, we find that 

magnetic lines of force are being cut. more/less/sanm 



(more) 




Moving the conductor another 30"* to the 270"" position. Induced 
EMF becomes equal but opposite In polarity to the EMF generated 
at th€ degree position. 




99 



P.I. 



Ksr mn,mum 



Two- IV 



29. During the second alternation, maxinium induced EMF was achieved 
at the degree position. 



I270T 




During the rotation from the 270° to the 300* position, the 

induced EMF has 

increased/decreased/refnained the same 



(decreased) 




With nxjvement of the conductor to the 330° position, induced 

EMF will decrease, because lines of force are being 

cut. 



(fewer) 




100 




Moving the conductor another 30', to the 360" position, we have 
completed one cycle. List the (x>s!t!on(s} In one cycle where 
niaximum Induced EMF Is generated. 

a. 
b. 



(a. 90°; b. 270°) 



lOl 




^THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 33 

1. c 

2. e 

3. a 
d 

5. b 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO ON TO TEST 
FRAME 62. OTHERWISE, GO BACK TO FRAME 9 AND TAKE THE PR(HSRAMMEO 
SEQUENCE BEFORE TAKING TEST FRAME 33 AGAIN. 




On the above figure, label the posttion(s} where maximum In- 
duced EMF Is achieved by placing an X upon your selection. 



(4 and 16) 

35. Up to this point in the program, we have used a single conductor 
to demonstrate the development of induced EMF. Hov^ver, a single 
conductor that moves through a magnetic field is not practical 
for producing a usable voltage, because the Induced voltage Is 
-too . 
low/high 
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The action of a conductor cutting a magnetic field forms the 
basis of GENERATOR operation. For example, here's a single 
AC generator consisting of a perir^nent magnet and a coil of 

wire. When the coll the magnetic field, a 

Is induced in the coil. 



(cuts; voltage) 

37. 




Part A shows just the ends of the permanent magnet. Actually, 
the magnet is c<^tinuous, as in part B. 

The permanent magnet provides the 

In which the coll rotates. 



(magnetic flel^ 




The black side of the coil is moving <town through the magnetic 
field! The polarity of SI with respect to S2 is positive. What 
is the polarity of S2 with respect to SI? Current 
flows from the white side of the coll, out of S'* through a load 
and back in SI. 



(negatiye j 
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Wien the coll Is In the position shown, the sides of the coll 

are moving to the lines of force. 

parallel/at right angles 

Therefore, voltage Is Induced In the coll. 

some/ zero 




The black side of the coll Is moving up through the magnetic 
field. Current flows from the black side of the loop, out of 
S through the load to the whl te side of the loop. 



Tsi7 
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When the coil Is In the position shOMn, there Is no current 
flow through the load because the sides of the coil are moving 

to the lines of force. Therefore, 

voltage Is triduced In the coll. 



(parallel ■ no) 



k2. 




Part A shows the blacit side of the coil moving down. Current 
flows from B2, through a load, to Bl. Part B shows the black 
side moving up. Write the correct polarities In the bojces 
next to Bl and 62. 

What would happen to the polarity If the direction of the 
coll rotation were reversed? 
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43. On each Illustration Indicate polarity between the points listed, 
no polarity) 







1. A Is with respect to B. 

B Is with respect to A 

C is ^.wtth respect to 0 

D Is with respect to C 



2. 







0 






A 


Is 


with 


respect 


to B 


B 


Is 


with 


respect 


to A 


C 


is 


with 


respect 


to D 


D 


is 


with 


respect 


to A 






(1. a -t- 


2. a - 


3. a 




b - 


b + 


b 


No P 


c + 


c - 


c 


No P 


d - 


d + 


d 


No P) 




In part A the black side of the coll Is moving down. In B, 
It Is moving up through the magnetic field. Current flow 
through the coM Is In the direction In A and B. 

sane/oppos I te 



ERIC 



107 



P.I. 



Two- IV 




in parts A and 6, the sides of the coll are moving parallel 
to the magnetic field. Is a \ra1tage being induced? 
Why? 



(Mo. The conductor Is not passing through the lines of force .7 



46. The circuit below shows an alternating voltage from an AC 
generator applied across an external circuit (mari^ed load) . 
The current through the load follows the same shape as the 
alternating voltage sine wave. Draw the sine wave for the 
current through the load In the space provided. 




VOLTA^ CURRENT 



kj. Because the amplitude of the current varies continuously and 
reverses direction just like the alternating voltage, the cur 
rent that flows in a circuit as a result of an alternating 
voltage Is called current. 



(alternating) 
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Draw a sine wave of alternating voltage In A bel(M. fn part 
6, drow a sine wave of alternating current. Include polarities 
In your drawings. 

AC VOLTAGE g AC CURRE^r^ 




49. When a coil rotates in a magnetic field, it makes a coi^Iete 
circle called a revolution . A circle consists of 3^0 degrees. 
The symbol for degrees is a small circle like this {") . Thus 
360 degrees is written as 360^. Vffien a coll makes a conplete 
circle, it has gone through one or 

One ccfl^lete revolution is 3^0°. How many degrees are In 
1/2 revolution? 



(revoli.tion; 360°; 180°) 
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50. The figure below shows a sine wave rep<-dsentati ve of the gen- 
erator output voltag^i. Write in the numlMr of degrees the 
coii has rotated at each position (marked A through I.) 

The sine wave represents (how many) revolutlon(8) 

of the coil. The voitage reaches the highest positive value 

at degrees and a negative naxiiM«n value at 

degrees . 






When a coll Is rotated In a Hagnetlc fi«ld» the voltage In- 
duced Is represented by e sine Mm. Tlie sine Mve In Part 
A represents one revolution of Uie ooil. Hom OMiy revolutions 
does the sine wave In Part i representT 




(two revolutions) 
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Assume that It takes a coll «ie second to make a con^lete re- 
volution. Part A shows the sine wave of voltage generated In 
one second • How many revolutions per second does the sine 
wave In Part B represent? 



(two revolutions per secwid) 




The sine wave In A represents two revolutions of the coll 
In one second. H&h many re^^lutIons per second does the 
sine wave In B represent? 



(four revolutions per second} 

5^* Hertz , abbreviated Hz^, represents cycle per second. So If a 
colt makes four revolutions per second, then It has made four 



(cycles per second or Hertz) 
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t 



55- Another way of saying that a coil inakes 10 revolutions In one 
second Is that the coll makes 10 per 





(cycles Der second) 


56. 


if a coll conpletes five revolutions In one second, how many 




cycles of voltai^e has It Generated? 


(five) 


57. 


How many cycles of voltage does a coll gefwrate v<^en ft 




comoletes 60 revolutions In one second? 


m 



58. The nuni>er of cor^lete cycles generated In one second Is called 
the frequenc y of the generator. The word frequency Is used 
to tell how frequently the generator produces a voltage cycle. 
Frequency Is abbreviated f_. 

So If a coll ccKT^letes 15 revolutions per second, we say Its 
Is 15 Hertz. 



(frequency) 




The frequency of the sine wave In Part A is 

What Is the frequency of the sine wave In Part B? 



(2 Hertz; k Hertz; 
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60. A coil cofl^letes 30 revolutions In one second, if the speed of 
the coil is doubled, what Is the frequency generated? 



(60 Hertz) 

61. The number of cycles con^leted In one second is called 



(f requencvT 




Referring to the above figures, what is the frequency In each 
case? 

a. 

b. 

c. 

d. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS • TEST FRAME 62 



a. 3 Hz 

b. 6 Hz 

c. 8 Hz 

d. 5 Hz 



IF ALL YOUR ANSWERS NATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME 
91. OTHERWISE, GO BACK TO FRAME 3^ AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 62 AGAIN. 



63. 











p 


1 SECOND 


0 



The sfne wave above has a frequency of 2 Hz. This means that 
there are two conplete cycles each second. How \ong does 
It take the coM to complete Just one cycle? 



(1/2 second) 



64. 




The frequency of the sine wave above Is k cycles per second. 
How much time does It take to complete one cycle? ^ 



P.I. 
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65. The time the coll takes to complete one cycle is called the 
period . What !s the period of the sine wave shown below? 




U/2 sec<yid) 



66. The frequency of a sine wave Is given in Hertz . The time of 
one cycle Is called the . 



67. The sine wave below has a period of 1/2 second. How many cycles 
are there Intone second? What Is Its frequency? 




^1/2 SECOND 



1 SECOND 



(2; 2Hz) 



ERIC 
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68. The difference between frequency and period i-:. that frequency 
means and period means 



^number of cycles per second; the time of one cycle) 



69. The sine wave of voltage below indicates that the voltage rises 
from 0 volts to a maximum value of -»-5 velts and then falls to 0 
volts again. This rise and fall of voltage In a positive direction 
is called the positive alternation of the sine wave. By the same 
token, the rise and fall of voltage in a negative direction is called 
the . 



♦ 5 VOl.TS 



0 VOLTS 



- 5 VOLTS 



1 POSITIVE \ 
[ AUTERMATIOi \ 









(negative alternation) 



70. Here's the sine wave of voltage again. Hw many degrees of ro- 
tation does the coll go through In the positive alternation? _ 

How many degrees are there in the negative alternatlwi? 

many alternations are there In one cycle? 

♦ 5 VOLTS 



How 



0 VOLTS 



- 5 VOLTS 







IimT snT MflT 






1 j 
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71 •> Hotlce belov that voltage reaches Its maximum positive value 
at 90". When does voltage reach Its maximum negative value? 




7270^ 



72. Peak has the saine meaning as maximum . VAiat is the peak vol- 
tage reached during the positive alternation of the sine wave 
below? What Is the peak voltage reached 
during the negative alternation? 




C+S volts; -5 voUsT 
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73. Th« peak voltage of the positive alternation of the sine wave 

below is ^* P®*^ voltage of the 

negative alternation? 



+25 VoUs I ■ 



0 Volts 




-25 Volts 



(♦25v; -25v) 



74. In a sine wave, the |K>sltIve peak va1i« and the negatt>^ peak 
value are always . 

a I Ike/different 



75. in the sine wave be1<m, what Is the total voltage between the 
positive peak and the negative peak. (Disregard the polarities.) 



+100 Volts 



0 Volts 



-100 Volts 




(From +100 to 6 equals 100 volts and 0 to -100 equcU 100 volts* Thus* 
the total Is 200 volts.) 



ERIC 



P.I. 



Two- IV 



76. What Is the total voltage between the positive peak and the 
negative peak of the sine wave below? 



♦50 VoUs — 



0 Volts 



-50 VoUs 




(100 votts) 



77* The total voltage between the positive peak and the negative peak 
Is called the peak-to-peak voltage. Miat Is the peak-to-f^ak 
vol .age of this sine wave? 




NEGATIVE 
ALTERNATION 



(300 volts) 



119 



Two-IV 

78. The peak-to-peak voltage of this sine wave Is 




{ho voltsT 



79« Draw a sine wave with a peak-to-peak voltage of 60 volts, indi- 
cate vtfhich part of the sine wave Is the positive alternation and 
which part Is the negative alternation. Also lable th« peak 
voltage and Indicate vA\ere It Is «i the sine wave. 




P.I. 
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60. Another term you will need to know Is Instantaneous value. 
This Is the value of voltage or current at any Instant of 
time during a sine wave. 

What is the Instantaneous value of voltage 3 nisec after the 
start of the sine wave? 



lOv 



a. 0 V 

b. 5 V 

c. 10 V 




see 12b see 



81. What would be the Instantaneous value of current at a time of 
k msec. 



a. 0 a 

b. 2 a 

c. 4 a 




4« sac 



(a) 0 a 



82. The magnitude of voltage In a sine wave found at any given 
Instant of €ln« \^ known as the 



(Instantaneous valued 



ERIC 
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83. Lower case letters are used to syntellze the Instantaneous 
values of current or voltage* 

Select the symbols used to Indicate the Instantaneous values 
of voltage and current* 



a. E; e 

b. 1; I 

c. I; E 

d. e; i 



Bk. Find e at 9 msec: 




Aec__12B aec 



85. Find I at 6 sec. 




JhUL 
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66. Now you'll apply what you've learned to some practical examples. 
The iafl^s In the circuits below require 5 afl^eres of current to 
light brightly. Circuit A is a DC circuit In which a constant 
current of S amps flows. Circuit 8 Is an AC circuit In which 
the peak current Is 5 Mtps. in which circuit does the lamp light 
brighter? Why? 




B 



5 aapt 



AC (SfSBATOS 



CCIrcuit A because the 5 ^>s DC Is c«istant.) 



87« To determine the Msrth or to tell how effective an alternating 
current or voltage Is, we conpare the effect of the AC against 
the effect of DC. Nearly all AC nwters are calibrated In ef- 
fectlw values so that tt^ valMS In AC will be consistent with 
the values In X circuits. For exai^le. If an alternating cur- 
rent produces as much heat as 1 ai^ of direct current, then, we 
say that the AC Is as as 1 ai^ DC. 



83. The effective value ^ also called WS value^ of an AC voltage 
or current has the same heating effect as an eqiuil value of 
direct current* So If a peak current of 7 t^^ps AC prcKluces 
the sfflie heating effect as 5 omps DC^ then 5 a^s is the 
^^^^^^^^^^^^ value of 7 ai^s AC (peak value). 



(etfecti ve) 



89e A peak AC wltage of 100 volts prodi^es the 
In a load as 70 \^1ts DC. Therefore, the ^ 
tiM AC voltage Is vo1ts« 



l^atlng effect 
vali^ of 



Ceffectlve; 70 volts) 
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90. For a sine wave, the ROOT MEAN SQUARE (RMS) or EFFECTIVE 
VALUE is 0.707 'times the peak value. 

The RHS value is confuted as the square root of the average 
of the squares of the instantaneous amplitudes for one 
c<^p1ete cycle. 

Let's look at the effective (RMS) value of a sine wave 
which has a peak value of 100 V. 



Select the lettered arrow which shows the effective value 
of voltage. 



lOOV 




(70.7% Of peak) 



EFFECTIVE VALUE 70v 




IS 
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91. Match the lettered parts of the graph to their appropriate 
terms . 




1 . s I ne wave 

2. cycle (Hertz) 

3. alternation 

4. negative peak an^lltude 

5 . pos 1 1 1 ve peak anp 1 1 tude 

6. zero EHF 

7. effective value (RMS) 

8. peak to peak amplitude 

9. period 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 91 



1 

1 • 


A 


2. 


f 


3. 


C 


k. 


e 


5. 


b 


6. 


a 


7. 


9 


8. 


h 


9. 


f 



IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAME 63 AND TAKE 
THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE 
THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON 
TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU 
WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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Generating AC Voltage 



The electricity you have studied so far has all been direct current 
(DC). In DC, the movement of electrons is always In one direction 
through the circuit and usually the voltage remains constant. The 
EMF generated by batteries leads to DC-type current. 

Alternating Current (AC) Is a soma^hat different form of electricity. 
AC moves first in one direction, then the other, and the associated 
EMF Is always changing In value . Magnetic-mechanical generators, 



ready to study this method of developing an EhF. 

The left-hand rule for generators Is easily applied to a straight 
wire moving In a magnetic field, but most generators use coils of 
wire and the rule Is a little more difficult to use. The two sides 
of a coll move through the magnetic field of a generator in opposite 
directions as shown below, but the voltages develc^ed In each side 
of the coll tend to produce current flow In the same direction 
through the wire. 



imagine the nwher of mannetic lines of force being cut at various 
positions of the coll. As the coll rotates in the tragnetlc field, the 
output voltage will change in value and polarity as shmm In the 
sketches on the follofi^lng page. Because the waveform of the output 
varies as the sine of the angle of the loop's rotation. It Is called 
a sine wave. 




, prcHluce AC. You are now 
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TIME 0 






TIME! 






TIME 2 






TIME 3 






TIME 4 




TIME 5 




TIME 6 




TIME 7 




TIME 8 



ERIC 



The EMF Is zero when the wires of the coil move parallel to the lines 
of force, for no relative motion exists between them here (Tln^ 0, 
Time ^, and Tln« 8). The output Is maxlmufli when the wires cut the 
greatest nun^er of lines of force in a given instant; I.e., when their 
motion is perpendicular to the lines of force (Tine 2 and Time 6). 

One con^lete set of voltage variations from zero to maxiim^ positive 
to zero to maximum negative and back to zero is called a cycle . The 
frequency of any AC Is the nuitd>er of cycles per secoid generated. The 
basic unit of frequency Is Hertz (Hz) and one Hz Is equal to one cycle 
per second (cps) . 

The factors which determine the frequency of a generator are: 

1. The speed of rotation of the armature (coll of wire). 

2. The nun^er of pairs of magnetic poles In the generator. 
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100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 



OS 



increasing either of these will increase the freq<Mncy of the generated 
AC. 

Soine other characteristics of a sine wave will be In^rtant to you In 
your study and work with electricity. AiTg>l itude or the value of the 
waveform at any Instant is one of these quantities* The value of a 
waveform at any instant of time Is known as the Instantaneous value 
of voltage or current and is sy^olized by lomr case letter for 
voltage (e) and current (i). The maximum or peak value of a sine 
wave (either positive or negative) is the greatest voltage (or current) 

present during a cycle, and the 
peak-to-peak voltage is the algebraic 
difference of the positive and 
negative peak values. You will 
probably use the effective (or RMS) 
valiM more often than any other » 
for It is directly c<»iq>arable to 

valiMS. Ten volts of DC and 
10 volts of effective fi^ can do the 
same amount of work. Nearly all 
AC meters are calibrated in effective 
values, and any AC quantity vrtiich 
Is stated without specifying the 
type of value Is given In effective 
va 1 ues . 
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This sketch of a sine wave may clarify the values for you. 



AT THIS POINT. YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE (HiESTiONS CORRECTLY. 
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OVERVIEW 
LESSON V 

Uses of AC and fK 

In this lesson you will study and learn about the fol1<M!ng: 

-AC generators 
-uses of AC and DC 



Each of the above topics will be discussed in the order listed. 
As you proceed through this lesson, observe and follow directions 
careful 1y. 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON V 

Uses of AC and DC 

To learn the matertal {n this lesson, you have the option of 
choosing, according to your experience and your preferences, any or 
all the of the following: 

STUDY BOOKLET: 

Lesson Narrative 
Progranmed Instruction 
- Lesson Suiranary 

ENRICHMENT MATERIAL: 

NAVPERS 93i»0OA-la "Basle Electricity, Direct Current." 

Fundanwntals of Electronics . Bureau of Naval Personnel. 

Washington, O.C.: U. S. Goverfviwnt Printing Office, 1965« 
NAVPERS 93A0OA-lb "Basic Electricity, Alternating Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 

Washington, D.C.: U. S. Government Printing Office, 1965. 
NAVPERS 10086-A "Basic Electricity." Chapter 8. 

Fundamentals of Electronics . Bureau of Naval Personnel. 

Washington, O.C: U, S. Goverrenent Printing Office, 196§. 

AUDIO- VISUAL: 

Sound/Slide - "AC £ DC Generators" 
Remen^r, you may study all or any of these that you feel are necessary 
to answer all Progress Check questions correctly. Do not forget, that 
in one sense of the word, your Instructor Is a living resource, perhaps 
the best. Call him If you have any kind of a problem. 
YOU NAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON V 



Uses of AC and DC 



AC Generators 

A machine that c«)verts nwchanlcal energy to electrical energy 
utilizing magnetism Is called a gene rater , and generators that 
produce AC are often called by the special nwrn alternators. 
The simplest form of an alternator Is very nwch like the loop 
of wire you have seen rotating In a magnetic field, fn fact, 
the only change needed to make It an alternator Is a practical 
way to cc^nect the EMF produced to a circuit. 

These connections are usually made from the rotating part of 
the alternator (armature) to the stationary circuit. This Is 
done without twisting and breaking the wires by use of 
slip rings and brushes. The slip rings are c<^per sleeves 
which rotate with the armature, and the brushes are carbon 
blocks held against the slip rings to make a go<^ electrical 
connection. The diagram below shcMs the parts of an alternator. 



A generator can be cteslgned to provide direct current instead 
of alternating current. This is acccM^llshed by using a 
conwnutator In place of the slip rings. The ccxnmjtator reverses 
the armature connections to the external circuit each tln» the 
polarity of the EHF changes, and current then flows In the same 
direction In the external circuit all the time. A drawing of 
such a generator and a graph of its output appears cm next page. 
The output graph shows that both alternations are In the positive 
direction because the comnwtator reverses the loop connections 
to the circuit at the time the generators output Is zero. 




I^TATING LOOP 
(AiU4ATURE) 
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POLES 



ARMATURE 



For a better understanding of both alternators and DC generators, 
examine the CROW models available from the resources center. 



Uses of AC and K. 

You probably wonder now tn^y you should have to learn about tvn 
different kinds of current flow. The ansi^r is that both Icinds 
are used very widely. You are prc^abiy most familiar with AC 
for it is commonly used to supply hc^nes and ships, it is widely 
used because It can be transmitted over long distances more 
ec<momicaily than DC and it is more efficient for driving motors, 

DC is used (fifhen voltage fluctuations and directicMi changes 
cause troi&le. Many circuits in radios, televisim sets, 
phonographs, and instruments which use an^lifiers will rwt woric 
prefer I y on AC. You l<now that your house current is AC and your 
radio and TV operate when they are plugged Into your house 
current. How can these things be true? The secret is that 
both the radio and TV have ^xner supplies t^ich c«ivert the 
AC fron the wall socket into DC for use inside the set. 

You have finally found out v^at your poii«r supply does; all 
we have to do now is find out how It does It. 

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU HAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH (MTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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PROGRAMHED INSTRUCTION 
LESSON V 

Uses of AC and PC 



TEST FRAMES ARE 10 AND 27. AS BEFORE, GO FIRST TO TEST FRAME 10 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE 
DIRECTIONS GIVEN AFTER THE TEST FRAME. 



I. Recall from the previous lesson that AC Is generated by a 



(generator or alternator) 



2. The generator has t%«o major parts: (I) a stator and (2) the 
arrnature. 

The part of the generator which does not move Is the: 

a. armature. 

b. stator. 



(b) StatoF 



I 

3. The armature In the generator consists of the rotating '*oop 
and Its frame. 

Select the arrow showing the armature. 





IM 
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Let's continue and see ta^at else makes AJp a generator. Some 
method must be available to make use of the induced EMF. 




Here's an illustration of the basic AC generator again, ftotice 
that the ends of the coil are ccmnected to two metal rings. 
These rings rotate with the coil. They are called siip rings. 

SI Is the for the black side of tne coll. 

Notice that the black side of the coll passes through S2 without 
touching It. S2 is the for the white side. 



Unp ring; slip ring) 



$. The slip rings are firmly attached to the free ends of the 
rotating loop to provide a contact point from tirfiich to pickup 
the voltage developed. The sliding contact Is necessary to 
prevent the leads fran tangling as the armature turns. 

That portion of the alternator which provides a pick-up point 
for the voltage developed In the loop Is the . 



Ulip rlnTT 



6. C<Hinected to the ends of the coll are tM> tmta) rings, called 

. When the coll rotates, the two metal rings 
also. 



(slip rings; rotate or moveT 
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7. 



lor tm Mmm 




BRUSHES 



The ftgure shows two small blocks, called brushes , placed 
agafnst the slip rings. The brust^s are usually made of carbon 

or graphite. The purpose of the and 

is to c^nect the voltage generated In the 

an external circuit. 



to 



(slip rl ngs; brushes; coll) 



8. The brushes, vt^ich are normally made of carbon, press against 
the slip rings. They picic up the voltage from the slip ring 
and transfer it to a load in an external circuit. These brushes 
are stationary. They slide on the slip rings as the loop turns. 
The parts of the alternator which plct( up the voltage and apply 
it to the load are called the ^ . 



(brushesT 
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9. Here fs the basic AC generator. Label the parts fn the boxes 
provided. 




SLIP RINGS 



COIL 



mm 




BRUSHES 
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10. Hatch the lettered parts !n the diagram to their appropriate 
names or functions. 




1. 


armature 


2. 


slip rings 


3. 


brushes 


k. 


rotating loop 


5. 


creates lines -of -flux 


6. 


magnet 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 10 

1. b 

2. d 

3. c 
i». b 

5. a 

6. a 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO ON 
TO TEST FRAME 27. IF WT, GO BACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 10 AGAIN. 



11. There are tMO methods of ronovlng power from a generator, 
depending upon the type of generator (AC or DC). We have 
seen on the basic slngle-1<x)p generator that. In order to make 
use of the EMF Induced In the rotating coll, the two ends of 
the col 1 are wnected to two 




X 



(slip rings) 



12. Each ring Is ccmtlnucHis, and Is Insulated from the shaft and 
frMi the other 



(slip rIngT 
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13. The two carbon brushes (X and Y !n the figure, frame II) 
which are connected to the load (lamp) rest on the 



(sHp rings) 




■ 

As the coil Is rotated, the brushes make sliding contact 
with the . C(»TipIeting the circuit at 
all times. 


(slip rings) 


15. 


Alternating current Is described as current which periodically 
reverses direction. The ENF induced In a rotating coll Is 
alternating, and through the use of slip rings, the output 
voltage Is also 


(alternating) 


16. 


An AC voltage Is taken from an AC generator by the use of 

and 






(slip rings and brushes) 


17. 


Slip rings are used in generators. 


(AC) 
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18. since the ENF induced in any rotating coil is alternating, 
slip rings cannot be used in a DC generator to conduct direct 
current fron the coil to the external load. Instead, one spl It 
ring (or commutator) is substituted for the two slip rings. 
As sh<»«i in the figure below, each half of the split ring is 
I tenporarlly making contact with one side of the generator coil. 
As shown brush X is positive with respect to brush Y. 



DIRECTION OF 
ROTATION 




As the armature turns so that brush X is wiping the coimiHJtator 
section attached to the white side of the armature, what Is the 
polarity of brush X to brush Y? . 



(positive) 

19. As you can see, as the armature rotates, brush X shifts fran 
one side of the armature to the other side. This shift causes 
the output voltage to be of constant , and the 

shift Is accwnplished by use of a . 



(polarity; commutator) 
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20. A Is used tc keep the outside circuit 

current flowing continually In the same direction In a 
generator. 



(commutator) 



21. Both AC and DC generators produce alternating current In 
their armature coils. By using a conmutator , the output of 

a generator Is a voltage. 

AcTBc" JUoC 



tPCi DC) 



22* As we fourxi earlier In this program, another name for an AC 
generator Is alternatore Slip rings are used In an 



23. List the tvra methods of collecting EMF fron a geiwrator, 

a1<xig with the type of generator in which each method is used, 
(either order) 

are used in generators. 



are used In generators. 
AC/OC 



(commutators - DC; slip rings - ACj 



24. As you recall, direct current flows In one direction &\]y. The 
type of current which reverses direction periodically Is called 
alternating current. 

Alternating current can be described as: 

a. current which flows In.one direction oily. 

b. current which flows In both directions at once. 

c. current which perlodlcaHly reverses direction. 

d. current v^lch never changes direction. 
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(c) current which periodically reverses direction 
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25. Why go to all the trouble of having AC and DC? AC is usually 
used to transmit energy over great distances because the 
losses are low. Low voltage DC transmission Is more likely 
to be used for: 

a. long distances. 

b. short distances. 



(b) short distances 



26. AC voltages can also be increased or decreased in magnitude 
with very little loss. This is done in your power supply by 
the transformer. 

State the purfKise of your {K»n«r supply transformer. 



(To increase or decrease the voltage) 



27. Write, as appropriate, AC or DC In the space provided. 

a. usually used for transmission over great distances 

with tow loss of energy. 

b. The output generated does not vary in direction 

and magnitude. 

c. Generator has its contact ring divided Into segments 

(c(»nTHJtator) . 



d. Generator has slip rings which transmit EMF to 
the load. 

e. Voltage may be increased or decreased In value 
with a low loss of energy. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 27 



a. 


AC 


b. 


DC 


c. 


DC 


d. 


AC 


e. 


AC 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAY GO ON 

TO FRAME 28. IF NOT, GO BACK TO FRAME 11 AND TAKE THE PROGKAMMEO 

SEQUENCE BEFORE TAKING TEST FRAME 27 AGAIN. 



28. The use of DC is limited, especially around the hone. About 
the only place it is found is in a radio or television. But 
are not both the radio and television plugged Into the AC 
outlets? They sure are I So how do they get DC fXM^er fr«n an 
AC line? Very single. Remember your power supply? Inside 
your radio and television are power supplies very similar to 
the one you built. They contain especially designed circuits 
that convert AC Into DC. The DC is then supplied for the circuits 
requ i r t ng it. 

Pov^r supplies convert to . 



(AC to DC) 



29. The primary purpose of the pcwer supply is to: 

a. step up voltage. 

b. convert AC to DC. 

c. step down current flow. 



ERIC 



(b) convert AC to DC 
(fiOTE : While It is true that voltages may be stepped up in a 
power supply, this Is not the primary purpose.) 

IF YOU FEEL YOU UNDERSTAND THIS MATERIAL. YOU MAY TAKE THE PROGRESS 
CHECK OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ^^LL THE QUESTIONS CORRECTLY, 60 
ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU 
WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON V 

Uses of AC and DC 

An AC generator is usually called an a1 ternator , indicating that Its 
output Is alternating current. The simple machine which produced 
the sine wave In the last lesson needs only a method for connecting 
its output to a circuit without twisting and breaking the wires to 
be an alternator. This is done by the use of brushes and slip rings 
as shown here; 




fr&n the alternator to the lan^. A variation of the slip rings 
can be used to change the generated AC to DC. This device 
(ccMnmutator) keeps <x\e brush connected to the positive end of 
the loop at all times. A comtutator and its output waveforms are 
shown below. Notice that the brushes are arranged so that the switch 
is made when the output of the IcKsp Is zero. 

(See next page) 
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There are models of alternators and DC generators (called Crow 
models) available from tne resources center which you may examine 
to clarify your understanding of these madilnes. 



The reason must deal with both AC and DC flow, Is that each one 
has certain very useful characteristics. AC Is more eccmomlcal to 
transmit over long distances, and It Is more efficient for driving 
motors. On the other hand, DC imjst be used in radios, TV sets, 
hi-fi's, etc., for the voltage changes of AC would ruin their sound 
or picture. A power supply Is used in these sets virfiich converts 
AC to DC. Now you knOM v^at your power supply does; alt you have to 
learn is how It does It. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE (^ESTIONS CORRECTLY. 
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OVERVIEW 
LESSON Vi 

Measuring Vol tage 

in this lesson you wili study and learn about the fottoMlng: 

^here voltage can be tneasured 
-the voltnwter 

-measuring voltage In a circuit 
-fneasuring voltage of cells In series 
-measuring voltage of cells In 
para I lei 

-n^surlng cells connected In series 
opposition 

-measuring cells connected In series 
and In series opposition 

Each of the above topics will be discussed In the order listed. 
As you proceed through this lesson » observe and follow directions 
careful ly« 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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UtST OF STUDY RESOURCES 
LESSON VI 

^teasuffng Voltage 

To learn the material In this lesson, you have the option of choosing, 
according to your experience and your preferences, any or all of the 
fol towing: 

STUDY BOOKLET: 

L<?5son Narrative 
Prograi«ned instruction 
Lesson Stxnmary 

ENRICHMENT MATERIAL: 

NAVPERS 9340OA-]a "Dasic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Governnent Printing Office, 

AUDIO-VISUAL: 

Sound/Slide - "The Voltmeter" 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. UPON COMPLETION OF THIS 
LESSON YOU SHOULD ASK YOUR INSTRUCTOR FOR THE MODULE TEST COVERING 
ALL THE LESSONS IN THIS BOOKLET. YOU MAY REVIEW PREVIOUS LESSONS 
IF YOU WISH. 
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i<ARRATiVE 
LESSON VI 

Measuring Voltage 

Where Voltage Can Be Measured 

You learned earlier that wsltage Is measured In units called 
vol ts . and that the alphabetic symbol for volt Is V^. Another 
term you have come across Is difference of potential . Voltage 
can be measured only between points that have a difference of 
potential; one My for this to occur is to have a difference In 
the electr!cal charge associated with the two points. This 
pot^^ntial difference can exist In parts of a circuit where there 
is an EMF generated (voltage rise) or where voltage Is being 
used (voltage drop). 

Energy (the ability to do Mrk) Is added to a circuit at the 
circuit's source, that is, battery, dry cell, or generator. 
Energy is put to woric In the circuit by the load - light bulb, 
toaster, radio, etc. Load is a general term for anything using 
energy in an electrical circuit, in a circuit using two dry cells 
and a lamp, voltage differences can be masured between (A), the 
terminals of either cell, (B) , across both cells, or (C) , across 
the load. 




Voltage usually cannot be measured across a closed switch or be- 
tv^en t%#o points connected by a wire because there Is almost no 
difference In the i^tentlal beti^en these points. 

Electrical energy is usually neither added nor used between 
such points. 



The Voltmeter 

The device used to measure voltage is called a voltn^ter. 
Remember that the sch^natlc synri>ol for an amn^ter was a 

circle with an A In It ^"^^"^ ■ voltmeter's schematic 

syn^l Is almost the same thing. It is a circle with the letter 
V Inside <~^v)-)- 

The «Tfneter was connected In series with a circuit canponent 
so that it could measure the current through that component. 
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Because the voltmeter fteasures the difference !n potential 
between two points, It is connected between those points, and 
the circuit Is not opened to make this connection. We say 
that the vo1tfl«ter Is connected in parallel with the conponent 
across which t« want to measure voltage. The diagram below 
shows a voltmeter connected across a light bulb to determine 
the voltage dropped by the light bulb. 



Polarity must be observed In DC circuits; voltmeter probes must 
be Inserted In the voltmeter Jaclcs with red probe in red jack 
and black probe In black jack. 

When you measure voltage there are several steps In making 
the reading. The n«thod given here Is to be used vtrfien measur- 
ing low voltages (30 v or less) only . 



1. Hold the probes by the insulated plastic handles only. 
Gripping any other part of the probe or wire may make 
you part of the circuit - not a comfortable or safe 
situation. 

2. Always be certain the meter can measure the voltage in 
the circuit. If the voltage is t<x> high for the meter, 
it will damage, possibly destroy, the meter. 

3. DC voltmeters are polarity sensitive just like DC 
ammeters. Connecting one In reverse nay bend its pointer 
or jam the n»ter. Always connect the negative (black 

or -) probe to the point nearest the negative side of 
the source and the positive (red or +) probe to the 
point nearest the positive terminal of the source. 

k. Read the voltage m the face of the irater. 

5. Remove probes from the circuit. 

Earlier in the module you learned that If cells are connected in 
different ways, different voltages will result. Now you can prove 
this to yourself by taking act al measurensnts. 



Measuring Voltage of Cells in Series 



1. Get a voltmeter fron the resources center. 

2. Connect three l-l/2-vo1t cells In series. 

3. Touch the positive meter probe to the positive terminal of 
the cell which has no wire connected to It. 

k. Touch the negative meter probe to the negative terminal of 

the cell which has no wire connected to it. 
5. What does the voltmeter indicate? 

You should get an indication of approximately ^-1/2 volts, proving 
that voltages of cells connected In series are additive. 




ERIC 



1S3 



Narrative Two-VI 
Measuring Voltage of Cells In Parallel 

1. Connect three I -1/2- volt cells I n parallel as indi cated by 
the schematic representation. ^ 

T T T , 

2. Touch negative meter probe to the negative terminal of 
any ce 1 1 . 

3. Touch positive meter probe to the positive terminal of 
any eel I . 

What is the meter Indication? 



The meter indicates approximately 1-1/2 volts proving that cells 
connected in parallel have the san» output voltage as C;ie cell. 

Measuring Voltage of Cells Connected In Series Opposition 

I. Connect two l-l/2-volt cells In series opposition as the 
schematic representati<H) indicates. 



2. Touch negative probe of meter to the positive terminal of 
either eel 1 . 

3. Touch positive probe of nwter to the positive terminal of 
the other eel I . 

k. What Is the meter Indication? 

The meter Indicates 0 volts, proving that when cells are connected 
in series opposition, the voltages are subtractlve. 

Measuring Voltage of Cells Connected In Series Aiding 
and in Series Opposing 

1. Connect two 1-1/2-volt cells in series aiding and a third 
1-1/2-volt cell In series opposition to the first two. 



2. Touch negative meter probe to terminal b. 

3, Touch positive meter probe to terminal a. 
t*. What does the voltmeter indicate? 



The meter indication is 1-1/2 volts. This is explainable 
because you connected two cells In series providing 3 volts 
between them. Then by connecting another cell In series 
opposition, yoii have cancelled 1-1/2 volts of the 3 volts. 
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Now let's take measurements in a circuit. 



Measuring Voltages in a Circuit 



Using PB 0-1, two dry cells, and connecting wires, set up a 
circuit as show by the schematic diagram. 



1 



cell #1 
cell #2 




DSl 



•8 

Using your voltnwter and test leads, measure voltage in the 
circuit as follows: 



1. 

2. 
3. 



Connect red positive probe to T8. (Touch only red plastic 

sleeve of the probe.) 

Connect blacic negative probe to Tl . 

a. Record voltage between T8 - Tl. 

b. Measure and record voltage between T^ - H. 

c. Measure the difference in potential between T8 and the 
negative terminal of cell 2. 

d. V^at is the voltage betvt«en the negative terminal of 
cell 2 and Tl? 

e. Close switch. 

Read and record voltage betv^en T2 - T7. . 

Is it a voltage rise or a voltage drop? 



f. With switch closed, what is the difference in potential 
between 17 - T8? 

g. Are the cells in this circuit connected in series or 
parallel? 

Check your answers with those on the next page. 



Answers: 

Recall that meter readings are approximate because tolerances 
imist be considered. 
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3. 



a. 


3 V 


b. 


3 V 


c. 


1-1/2 V 


d. 


1-1/2 V 


e. 


3 V drop 


f. 


0 


9* 


series 



NOW YOU MAy EITHER TAKE THE PROGRESS CHECK OR YOU MAY STUDY ANY OF 
THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL THE QUESTIONS CORRECTLY. YOU HAVE MASTERED THE MATERIAL 
AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR. 



IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUEST l(^S 
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE 
TEST. 
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PROGRAMMED INSTRUCTION 
LESSON VI 



Measuring Voltage 



TEST FRAMES ARE 5. 13, 15, AND 18. AS BEFORE, GO FIRST TO TEST 
FRAME 5 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW 
THE DIRECTIONS GIVEN AFTER TH1 TEST FRAME. 



1. Recall that the units of potential difference are 



Uolts) 



2. The alphabetical syn^l for a wit Is: 

b. n 

c. V 

d. E 



3. To measure voltage, a difference of potential mst exist. 

Which letters Indicate v^ere a difference of potential exists? 



Ml 




a&b 
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Two-VI 



A. in a complete electrical circuit, a difference of potential 
can occur only: 

1. at the terminals of a source. 

2. at the terminals of a load. 

Circle the letters that indicate v^ere a difference of potential 
can occur. 




(a and cT" 



5. Indicate the point or points where a potential difference exists 

' 9 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



ERIC 



1S8 



p.! . 



Two- VI 



ERIC 



ANSWERS - TEST FRAME S 
a, b, c, d, e, and f 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 
TEST FRAME 13- OTHERWISE. GO BACK TO FRAME 1 AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST f-RAME S AGAIN. 



6. Which of the following meters would be used to measure voltage? 

a. amneter 

b. voltmeter 

c. ohnmeter 



(b) voltmeter 

7. The syntol for the voltmeter Is a circle with a v^ Inside It 
Draw the symbol for a v<»ltmeter. 



( ) 



8. A voltmeter, unlike the aireiwter, must be hooked across (In 
parallel to) the difference In potential to measure voltage. 



Which voltmeter is correctly Installed. 



I 
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9. Oram a schematic diagram for a single circuit (ceil, conductor, 
ia<np, and switch) with a voltmeter measuring source voltage. 




id 

ERIC 



10. Check the schematics that show the meter correctly installed. 
A C 



<5> 




<5> 






(B and C) 



ERIC 
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11. The voltmeter like the anvneter is |>oiarfty sensitive. 



I 




Which schematic shows the vo}tn«ter Installed correctly? 




12. Several precautions and steps must be taken when measuring voltage. 
They are: 

1. Hold probes by Insulated plastic handles only. 

2. Ensure meter has the range to fwasure the voltage expected 
In the circuit. 

3. Ensure correct polarity. 
k. Read voltage from meter. 

5. Remove probes from circuit. 



Fill in the blanks: 

1. Hold probee by Insulated 

2. Ensure meter has the 

in the circuit. 

3. Ensure correct 

4. 



only. 



to measure the voltage expected 



5. Remove 



voltage from meter. 

from cl rcul t . 



TH plastic handles; T. range! 3^ polarity; 5^ read; 
5. probes) 



erJc 
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13. Write the steps and precautions used to measure voltage. 
1. 



2. 

3. 

k. 

5. 



(THIS IS A TEST FRAME. CWIPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAHE 13 

1. Hold probes by Insulated plastic handles only. 

2. Ensure meter has the range to unsure the voltage 
expected In the circuit. 

3. Ensure correct polarity. 

4. Read voltage from meter. 

5. Remove probes frm circuit. 



IF ALL YOUR ANSWERS NATCH THE CORRECT ANSWERS, YOU NAY GO ON 
TO TEST FRANE 15. OTHERWISE, GO BACK TO FRAHE 6 AND TAKE THE 
PROGRANNED SEQUENCE BEFORE TAKING TEST FRANE 13 AGAIN. 

If you have rK>t <tone the Narrative, turn to page 152 of this lesson and 
perform the measur«nwts In the follming: 

-Measuring Voltage of Cells In Series - Page 153 
-Measuring Voltage of Cells In Parallel - Page ]Bh 
-Measuring " *tage of Cells Connected In Series Opposition - Page 154 
-Measuring Vof..^'^tt of Cells Connected In Series Aiding and In 
Series Opposition - Page 154 
-Measuring Voltages In a Circuit - Page 155 

After you have perform^ these ffwasurenwnts, go to fram 14. 



14. Take the power supply you built In fkxlule Zero end a voltmeter. 
Measure and record ^e voltage between the switch and T6 (across 
the lai^). 



(5 to 8 volts) 
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15. Build the single circuit according to the schematic below. 



Measure and record the following voltages: 

a. at the source. 

b. across the load. 

c. across <H>«n switch. 
d. across straight wire between points B and F 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 




ERIC 
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ANSWERS - TEST FRAME 15 

a. 1.5v 

b. Ov 

c. 1.5v 

d. Ov 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 

TEST FRAME 18. OTHERWISE GO BACK TO FRAME 14 AND TAKE THE PROGRAMMED 

SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN. 



16. In frame 15» you read 0 volts between points B and F because there 
was: 

a. a difference of potential. 

b. a voltage drop. 

c. no difference in potential. 

d. a voltage rise. 



(c) no difference in potential 



17* Since there was no current flow and therefore no witage drop 

In the circuit, source voltage was present across the open switch. 

With no current flow there can be: 

a. no voltage rise. 

b. no voltage drop. 

c. no difference In potential across the load. 
d. a difference in potential across the load. 



no voltage drop; and c. no difference in potential across 
the load) 

18. Check the statement that is correct. 

a. Voltage registers across a closed switch because of a 

voltage drop. 

b. Voltage registers across a closed switch because of a 

rise In potential . 
c. Voltage registers across a load because of a voltage 

drop. 

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF^^^E NEXT PAGE.) 



I. 
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ANSWER - TEST FRAME 18 

c. Voltage registers across a load because of a 
voltage drop. 



IF YOUR ANSWER IS INCORRECT, GO BACK TO FRAME 16 AND TAKE THE 
PROGRAMMED SEQUENCE. 

IF YOUR ANSWER IS CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE 
THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU 
HAVE MASTERED THE MATERIAL AND ARE READY TO TAKE THE MODULE 
TEST. SEE YOUR INSTRUCTOR. 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR 
IF YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF 
INSTRUCTION YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS 
CHECK QUESTIONS CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK 
TO TAKE THE MODULE TEST. 



in this frame sequence you learned (1) the steps for voltage 
measurement and (2) how to use a simple voltmeter. 



167 



Swnmary 



Two-VI 



SUMMARY 
LESSON VI 



Measuring Voltage 



Voltage can be measured only across points betv^en which there 
is a difference of potential; the usual way for this to happen 
is for the two points to have different amounts of electrical 
diarge associated with them. This condition exists In parts of 
a circuit where there is an EMF generated (voltage rise) or energy 
loss (voltage drop). 

Energy Is put into a circuit at its source and used by the load , 
for example, the light bulb, toaster, radio, etc. Voltage can be 
measured between the ends of a source or a load, but It usually 
cannot be measured between the ends of a piece of wire connect- 
ing these parts because usually there 1$ almost no voltage rise 
or drop thr<Migh a conductor. 

The device used to measure voltage Is called a vol tmeter . Its 



between two points when you want to kno^ their potential differ- 
ence. Unlike current measurement, the circuit does not have 
to be broken to fl»asure voltage. The steps In using a voltmeter 
for low (30v or less) voltages are: 

1. Hold the probes by the insulated (x>rt!ons only. 

2. Be certain the voltage is not higher than the m*;ter can 
measure. 

3. Observe polarity when measuring DC voltages. 

4. Read the voltage and refl»ve the probes frc»n the circuit. 

if you feel you need more information about neasuring voltage, 
continue studying lesson VI; If not, |»rform the experln«nt 
Measuring Voltages at the end of the Narrative for this lesson. 

NOW YOU MAY TAKE THE PROGRESS CHECK 01^ STUDY ANY OTHER OF THE 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL 
THE QUESTIONS CORRECTLY. YOU HAVE MASTERED THE MATERIAL AND ARE READY 
TO TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR. 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION 
YGU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE 




, and it is always connected 



TEST. 
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